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The National Center for Research in
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“Course Description .
This coursa 15 designed to provide the theory portion of the Marines Science Tachnician program. [t includes a review of basic subjects, marine biotcgy,
_, oceanography, and meteoroiogic observations and recording. This course consists of a iesson book and six texts. Eley@n lessond are presented  Two
additional lessons were deleted because they deal with specific military administration and requirements.

Lesson1 -— Review of Mathematnics contains five assignments covering number systems, arithmetic, exponents, radicals, logarithms, the
slide rule, working with numbers, and numerical triggnometry.
r .

-

Lesson 2 - Applied Physics CONtains six assignments covering matter and energy , mass, force, and motion, jaws of motion, gas faws. and
optical phenomena. . ! .

. L
Lessoff 3 - Geological and Physicali Oceanography contains four iesSons covering an introduction to oceanography, marine geology, and
physical oceanography.
, ’ - I
Lesson 4 - Marine Brology and Water Motions contains five assignments covering fouling and detenioration, bioluminescence, deep
scattering layers, coral reefs, harmful and useful aspects of marine life, waves and surf, currents, and tides.

. b

-

Lesson 5 - Basic Mateorology and Meteoroiogical Elements contains three essons discussing the history of meteosology, tha{a'rth sun
retationship, the effects of the earth, pressure, temperatures, humidity /winds, luminous meteors, ithometeors, and hydro
s meteors (il types of precipitation). \
. ’
. t
Lesson 6 - Atmospheric Circulation, Air Masses, Fronts, and Special Phenomena contains five assignments covering general circulation,
. secondary circulations, tertiary circulations, air masses, fronts, easterly waves and the ITCZ, thunderstorms, tornadoes, water
- spouts, dust devils, and tropical cyclones.
s .
Lesson 7 - Surface Weather and Physicat Oceanographic Obsarvationai Equipment and Instruments contains four assignments covering
thermometers, pressure instruments, wind measuring instruments, winches, wire rope, platform rigging, platform area safety,
water samples, and temperature measuring equipment. ;¢ .

Lesson 8 - Geological Oceanographic Equipment, Upper Air Equipment and Instruments, Communications Equipment, and Special
instrumentation contains five assignments covering bottom samples, processing labgratory areas and associated equipment,
sampling nets, sonar pingers, underwater cameras, transparency measurement devices, balloons, upper air accessory equip-
ment, the'odolites, electrical upper air equipment, electronic upper air equipment, the teletypewriter, the facsimile, meteo-

. rological satellites, and automatic weather stations. .

. .

Lesson9 - Surtace Weather Observation agd Mataary/g/ca/ Codes and Plotting contains four assignments explaining general terms,
definttions, and procedures for observations, observations of atmospheric phenomena, code systems information, primary
meteoroligical codes; map plotting; and Navy RADFO messages.

Lesson 10— Ice and Bathythermograph Observations, Nansen and STO Casts, and Safa}y Procedures for Oceanographic Observations
contains five assignments on the characteristics of ice, shipboard observations and codes, aircraft ice recpn plot and message.
the mechanical bathythermograph, the expendabja bathy thermograph, installation of the XBT launcher and rocorder,f’n_'codmg
bathythermograph observations, the Nansen cast routine, the winch card, deep casts, the STD cast routine, data retrieval, deter-
mining water transparency with the Secchi disc, safety procedures and hand signals for casts.

o * . . .
Lesson 11— Data Processing and Analysis contains saven assignments covering surface analysis, upper air chart analysis, communications
° systems, teletype weather messages, quslity control, processing salinity data, the modified Winkler method for dissolved
J oxygen analysis, and processing station data. ’
'] &
Each lesson contains numerous charts and detailed procedures. Some military equipment and procedures are included, but the model might be useful .

for civihan applications. This course contains reading assignments, review exercises and answers for student self study and evaluation The course

would best be used with an on-the-job or laboratory learning situation. . v .

-
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s . LESSON 1

REVIEW OF MATHEMATICS
e

FIRST ASSIGNMENTy

In Pamphlet No. 160 rﬁ/d from page_ 1
through page 18 and answer questions lthrough
21,

1. What does g number represent?

A. A symbol

B. Asum ‘
C. A product
D. Anidea

-

2. Vhat-determines the place value whichcorre-
sponds to a given position in a number'>

#3. The base of the gumber system
B. The type of the number system

C. e size of the number ° )
D&F The placement of the decimal

* 3. What number do the mathematical symbols,

2 x;Ox100?7x10y10+0x10x1+7x1 .

represerk? .
¢ — .

A, 277

B> 2,70

C. 20,717 r
D. 27,107

(

4. If a number system is said to be a base-six

system, what does the symbol “‘10’’ represent?

A. 6 ) .
B. 7T N\ ]
C. 10 , 3

D. 12

5. * What is the decimal equivalent of the binary
number-0101?

A 3 .
B. 5

.C. 7
D. 11 :

6. . How is the precision of a number indicéted?

A, By the number of digits to the left of
the decimal point

By the positional value of the nimber
By the number system used

By the number of‘digits to the right of
the decxmal point

7o

oW

7. In an arithmetical computation, what factor
determines the accuracy of a problem?

A, The len}th of the problem

B. The number of digits involved

C. The least precise value used

D, The number of significant digits involved

8. Round off the expression 0.0345065 to the
nearest millionth,

0.03450
0.034506
0.034507
0.03451

oW

-

What' is the reciprocagl of the number 87

-

t

10. You disregard the signs of numbers when
you are adding

-

—_—

JA. numbers algebraically
B. positivg numbers
numbers arithmetically
D, negative.numbers

- 11, What type(s) of fraction is/are indicated by

a numerator that is numerically smaller than the
denominator?

1. _Mixed,

2, Proper
3. Improper

A.

C-
D,

12, How may you change the fraction 3/8 to
twenty-fourths?

A. Multiply the numerator by 3 -
B, Multiply the denominator by 3

C. Divide 8 into 24 to get 3 and multiply

the numerator by 3

D, Multiply both terms of the fraction by 3

/

-

\




13, What lowest ‘common denominator (LCD)

< would be used to add 1/9, 4/7, 3/35, and 3/25?
< A, 1,575 <
B. 2,205 .

“C. 3bz7x9x5
D, 9x7x35x25

.14, What is the least common multiple (LCM) of

’

60, 36, and 187 p
, A 180 "
) B. 540 . _
< \t. 1,080
D. 2,160

15. Find the greatest common divisor (GCD)
of 6, 15, and 21,

-

20. Which of the following methods may be used
to express the same proportion?

A. §/6=1/2; 3:6 = 1:2; 3:6::1:2

B, 3/6=1/2; 3:2=1:6; 3/1=6/2

C., 3x6:1x2;3/6=1/2;3:6=1:2

D, 3-6=1-2; 3/67- 1/2; 3:6 = 1:2

21, Which letters of the proportion a/b = ¢/d
represent the extremes?

A
B.
C.
D,

aandc¢
aand d
candb
dandc

+

A,
B.
LI o5

¥
6

210

~, .
¢ SECOND ASSIGNMENT

In Pamphlet No. 460 read from page 19

D, 3:,3 x2x5x7 .
a baseball player’s batting average is
as 265, how often has he gotten a hit?

16, If
quoted

A, 0.265% of the time

B. 2,65 times out of 100 ’ !
. C. 26.5% of the time .

D. 265% of the time

17, The decimal fraction 0,00014 can be wrltten
as what percent?

A, 0,0000014%

B, 0,0014%

C. 0,014%

D, 0.14%
18 What is the rate, base, and ércentage of
the equation 3/4 = 75%?

A. Rate 3, base 4, percentage 75%
B, Rate 4, base 3, percentage 75%
C. - Rate 75%, base 3, percentage 4
"o D. Rate 75%, base 4, pertentage 3
-
19, Which of the following ratios is equivalent
to the inverse of the ratio 42:48? :

through page 34 and answer questions 22 N
through 31, i ‘

‘2%, What does the term 53 mean? -

A, The cube root of 5 is 3

B, 5 is multiplied by 3

C. 5 is multiplied as a factor 3 times .
D, 3 is taken as a factor 5 times

23. Ident!fy the base, exponent, and power asso- ]
ciated with the expression 32 = 9, ¢

. Base is/2; exponent ig 3; power is 9
Base is 3; exponent i 2; power is 9
Base is 3; exponent is 9; power is 2
Base is 9; expo_nent is 2; power is 3

Dow>

24, What is another name for the square root .
sign « )

A, Extraction sign -
B. Radian sign .

C. Factor sign

D, Radical sign

25, If a negative number is raised to the 54th '
power the sign of the power, .

-

A.
B,

3/4
4/3

A, is positive

c. 17/8 .
.D, 8/7

fluctuates ’

« is negative
, depends on the base

oOw
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26. What number is the thi;‘d power of 1,57 33. What is the logarithmic form of the expres-

ion 25=327
A, 0,015 5‘°"_2 3 .
\ o o A log, 5= 32
T s ' B, log, 32=35 "~
4 . 2
D. 3.375 « C. logs 32 =2
27. What is the product of 22 x 237 D. logg, 5 =2

i

;' 56° 34. What number is used as the base of the sys-
C. 15 tem of logarithms for most ordinary compita-
N D. 46 ] tions ? .

’

28, What is the sum of 90 plus 917 g g 3026
N T C. 2,71828
. B.. 1 . D. 10
C. 9 .
D. 10
v 35, What is the common logarithm of 100,000?
28, VWhat 1s the decimal }:qujvalent of 10-95? A, 3 *
- . l B.
A, 0.01 o ?
B. 0.002 ¢ D. 10
C. 0.0001 . .
D. 0,00001 . .
- . AN
30.. What is the sym of 210 plus 1/24/107 o6+ Whatis the log of 70?
s Vm T
B. 2+/10 +5 B e
. C. 1.84510
C. 21/2+/10 D. 2.84510
Y D, 21/2v20 _ S . L
v 31, What is the solution of the expression . see appendix I &
- VoA o
T oA , 37. Whatis the log of 0,0024? , *
‘2
2- g'://—g- A., 0.38821 .
Y W a B. 7.38021-10 .
D V21 /8 C. '8.38021-10
THIRD ASSIGNMENT D. 99.38021-10

In Pamphlet No. 460 read from page 35 38. Which of the following relationships between
through page 52 and answer guestions 32 scales on a slidd rule is CORRECT?-

through 41,
. A, The numbers on the D scale are the
32. In the expression 3% = 81, which number square roots of those on the A scale
may be interpreted as a logarithm? » B, The numbers on the A scale are the
square roots of those on the D scale
A, 3 : C. The numbers on the A scale are the

B. 4 ¢ squares of those on the B scale

C. 64 ‘ " D. The numbers on the D scale are the

D. 81

square roots of those on the C scale

s ‘ :
ﬁ - ¢
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39. How many digits will be to the left of the
decimal Qoint in the square root of 400,000?

2 A. Two
B. Three
C., Four
D, Five

40, Which of the following slide rule scales
are used to extract a cube root?

A, Aand D
B, AandK
C. BandK
D, DandK

41, When you take a cube root, what system is
used to mark off the number of places when you
ingert the decimal point? .

A. Groups of two

B. Groups of three

C. Groups of four

D, Groups of five .

{

, FOURTH ASSIGNMENT .
LY 2 - -
In Pamphlet No, 460 read from page 53
through page 66 and answer questions 42
through 46,” " ° &

o. )
42, Which of the following numbers is real and
is greater than zerg?

A 1 ' o
' . B. 2

.c, 13

D, i4 *
43, If r = 1, s =3, t =12, and x = 15, what is
the value of the expression t ~ 2rx/s?

A, -3
. B, -2

C. 2

D, 3

44, In the expression xy, what is the coefficient
of xy?

‘ﬁ%x»-‘

A
B
C
D

)

/O

45, Convert binary 110110,001 to its decimal
equivalent,

A, 48,250 -7

B. 654.125
54.875 ,
62.025

46, Convert octal 67.5 to ifs binary equivalent.

. 101110, 110
110 101, 111
110 111, 101
111 110, 011

DoOw>

FIFTH ASSIGNMENT

In Paniphlet No, 460 read from page 67
through’ page- 77 and answer questions 47\
through 50,
47." What is the hypotenuse of a right triangle .
whose siges are 5 and 12 units?

A, 13 >

B. 14

C. 15

D. 16

48, If the hypotenuse of a right triangle is 8

units. and one leg is 4 units, what is the length

of the second leg?

. 4.00

. 6,73

. 6.93 :

. 8.%4 .

ODOQOwW>

49, What is the sine of an angle 49 degrees
48 minutes?

A. 0.6455
. 0.7536

. 0.7638

. 1.1833 A SR 3

ooOw

see appendix II

50. What is the interpolated value for thé sin
16.587

0.2845
0.2849
0.2854
0.2856

Doy
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FIRST ASSIGKMENT

In Pamphlet No, 460 read from page 79 to
Mass, Force, and Motion on page 83 and answer
questions 1 through 12. .

1, VWhat is the smallest
can be divided and still
properties of water?

nit into which water
tain the characteristic

A, Atom
B. " Proton
C. Electron
D,

Molecule (,

2
<

A positive electrical charge is characteristic
of which component of an atom?

’

A. Protoen

B. Neutron —
C. Nucleys N S
D, Electron ’

3. Which of the following describes a small
quantity of sea water? < ,

A, Mixture

B, Substance . N

C. Compound ; .
D, Molecule . : ‘

4. Which of the follo N ta.tements EST
describe thé PPinefhleBf Conservation of Matter?
’ . R

Matter can change’appearance

Matter will combine with matter

Matter cannot be destroyed

Matter can form different substances

5. Which of the following examples indicates
a chemical change%

A, Iron oxide forming on a structural beam

B. Radium atoms changing into lead atoms

'C. Water vapor condensing to form rain

drops ..

D. Sugar dissolving in water

LESSON 2

APPLIED PHYSICS

6. Which of the following properties of matter
states that two objects cannot occupy the same
space at the same time?

A, Permanance

B. Porosity .

C. Impenetrability
.. D. Density
7. Which of the following properties of matter
remains the same regardless of altitude or lati-
tude?

A,
B.
C.
D,

Mass

Weight .

Density

Gravitation

8. If an object is 10 cm long, 6 cm wide, and
4 cm thick and weighs 180 g, what is the density
of the object? _

A,
B'
C.
D,

0.11 g/cm3
0.75 g/cm3
1.33 g/cm3
9.00 g/cm3 »

9. Which of the following is used as a standard
to determine the specific gravity of a substance?

A,
B,

~

Lead '
Water

C. Oxygen

D, Carbon
10. The metric (cgs) system has been adopted
by the scientific community to measure which
of the following units?

A,
B.
C.
D,

Length, mass, and time

Gravity, density, and force
Centimeters, grams, and seconds
Circular motion, grayity, and speed

11, What is the approximate equivalent of 24
pounds as expressed in kilograms?
A, 0. 996
B. 10.896
C. 18B.786
D, 24.000 _ '




*12, In the metric systom, what is the unit of

distance when the unit .of force is the dyne?

A, Erg

. dJdoule

. Angstrom

. Centimeter

oOw

SECOND ASSIGNMENT

-In Pamphlet No, 460 read from Mass, Force,
and Motion on page 83 to Change of State on
page 92 and answer questions 13 through 26,

13. When no external forces act on a moving
object, how will the object mov?

A. In a curved line at a decreasing speed
B. In a straight line at a constant speed
C. In a curved line at a constant speed
}. In a straight line at a decreasing speed

14, The wind would blow at right angles across
isobars if which of the following forces werethe
only force affecting wind flow? /

A, Coriolis

. Centripetal

. C entrifugal

." Pressure gradlent

oOw

15. If speed were constant, which of thefollowing % A

objects would experience the greatest detlection
due to Coriolis egect?

A, An object moving northeast at 30° N lat,

B. An object moving south at 40° S lat.

C. An object moving north at §0° N lat.

D. An object crossing the Equatér moving
' due North

.
.

16, Which of the following influence winds to
flow in a circular phth?

A, Corlolis effect, speed, and centripetal

© effect

B. Centrifugal effect, speed, and centripetal
effect )

C. Centripetal effect, Coriolis effect, and
pressure gradient .

D. Coriolis effect, pressure gradientforce,

and centrifugal effect

’

17. Air pressure on an aircraft increases when
the aircraft . (

A, ascends

. descends

. atcelerates

. turns sharply

oOow

18, How may one atmospnere of pressure be
expressed?

A, 1,013.25 mb,’ 760 mm, or 29.92 in,
B. 1,013.25 mb, 760 mb, or 29.92 in.
C. 1,013.25 mm, 29.92 in., or 14,7 psi
D, 1,013.25 mm, 29.92 mb, or 14.7. in.

19. What are the standard conditionsunder which
gases must be compared, densities determined,
and the gas constants derived?

A, 0°C temperature and 760 mb pressure

B. 15°C temperature and 1,013,25 mb pres-
sure 4

C. 0°C temperature and 760 mm pressure

D. 15° Ctemperatureand1,013.25 mm pres-
sure

~

?0. On what does the pressure of an enclosed
gas depend?

The number of molecules in the con-
)Flner of gas

he average spacebetweenthe gas mole-
cules within the container
The force with which theigas molecules
strike the walls of the container
The number of times the gas molecules
strike the walls of the container perunit
of time

B.

o

o

-

21,. Whlch of the following actions..results in

a decrease in atmospheric density?

A, A decrease in temperature or increase
in pressure

B. An increase in pressure or increase in
moisture

C. Anincrease in temperature or decrease

in pressure
D, A decrease in moisture or increase in
pressure

20 .




22, U the partial pressﬁres of an enclosed gas

are 3 cm, 14 cm, 26 cm, and 51 cm of mercury
respectively, witat is the total pressure of the
. enclosed gases?

A, 23,5¢cm

¥ B, 4Tcm
C, dlcm ‘
D, 5fcm

22, I tne pressure of an enclosed gas is held
constant at 10° dynes per square centimeter,
vhat will be the volume of the gas at 200°
absolute if the original volume was 240 cubic
centimeters at a temperature of 300° absolute?

A. 100cc
B, 120 cc ' 7
C. 140 czc
D. 160 cc

23, I a closed box is tsY:bmerged in a tub of
water 0 that the hottom of the box does not
touch the hottom of the tub, where will the force
of the water pressure be exerted on the box?

. Sides of the box ONLY _

. Top of the box ONLY

. Top, bottom, and sides of the box
. Top and bottom of the hbox ONLY

oQw

25, Which of the following statements describes
Bernoulli’s theorem?

A. The pressure of a flowing liquid is
directly proportional to the velocity of
the liquid

B, The pressure of a flowing liquid is
inversely proportional to the velocity of
the liquid

C. The pressure of a flowing liquid is equal.
to the velocity of the liquid

D, The pressure of a flowing quuid is not
affected by the velocity of the quuid

26. Which of the following gas laws states that
equal volumes of all gases under equal pressures
and temperatures contain equal numbers of mole-
cules?

Daiton's Law .

Avogradro’s Number

The Eguation of State

The Hydrostatic Equation

Law

T, e

THIRD ASSIGNMENT

In Pamphlet No. 460 read from Change of
State on page 92 to Energy Considerations on
page 95 and answer questions 27 through 32,

27, How many calories of heat are required to
raise the temperature of 1,500 grams of water
from 25°C to 85°C?

L

A, 60

B. 1,500
C. 90,000
D, 127,500

28, Which of the following changés of state will
produce the same result?

A, Melting and fusion

B, Melting and evaporation

C. Freezing and condensation

D, Condensation and evaporation’ -

29 Which of the following requires the greatest
amount of time for either heating or cooling if
the temperature remains constant?
. Y

"A. A forestiarea

B, An ice surface

C. An area of dry sand

D. An ocean surface
30. Which of the following has the greatest effect
on atmospheric pressure?

A, Density

B. Humidity

C. Altitude /
D, Temperature :

31. How is an object heated when the object is
in direct contact with the source of heat?

A, By advection
B. By radiation
C. By conduction
D, By convection

32, What method of heat transfer is responsible
for the transportation of the greatest amount of
heat from one latitude to another?

A. Radiation
B, Convection
C. Conduction
D. ‘Advection




Fl
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FOURTH ASSIGNMENT

In Pamphlet No. 460 read from Energy Con-

slderations on page 95 to Stability and Insta- .

bility on

] page 101 and answer questions 33
through 41, :

- >

33. A ball regting on top of a hill possesses
which of thé following types of energy?

A. Heat
B. Kinetic
C. Electrical
D.. Potential - -
34. As a parcel of air descends adiabatically

in the atmosphere, what happehs to the tempera-
ture of the parcel? ) :

A, The temperature decreases

. The temperature increases

. The temperature remains constant
« The tempfature' varies irregularly

M\oaow

35. What would you call the rate at which the
temperature of a descending air parcel changes?

A, The mean slope

B.. The adiabatic lapse rate

C. The vertical temperature gradient
D. The horizontal temperature gradient

36. At what lapse rate is a..parcel of air being
cooled if the temperature lowers at the rate of
2° to 3* F per 1,000 feet?

‘¢

A, Autoconvective

B. Superadiabatic

C. adiabatic

D. turation adiabatic

37. Why is the situration adiabatic lapse rate’

different from the dry adiabatic lapse rate?

A, Because of the release.of the latent
heat of condensation

B. Due to the conservation of internal
energy

C. Due to the conservation of angular mo-
mentum

D

. Because of the increase of the environ-

mental lapse rate

38, If adiabatie cdoling is offset by the heat of
fusion, a parcel of air rising isothermaslly is in
what stage? . .

A, Dry

B. Hail

C. Rain

D. Snow . N

4

39. Which of the following stages of the'revers-
ible adiabatic process is eliminated in the irre-
versible process? « )
.4
\
A, Dry .
B. H%il ’
C. Rain ’
D. Snow .

40. What accounts for the formation of large
rain drops from cloud droplets in tropical
regions? : . - ‘

-

A, Fusion

. Coalescence.
. Sublimation

oaQw

41, At what temperature is silver iodide most

‘effective as a source of ice crystal nuclei?

A, -10°F
. =10°C
. =20°F
. =-20°Cc *

oOw

- FIFTH ASSIGNMENT

In Pamphlet No. 460 read from Stabllity
and Instability on page 101 to Optical Phenomena
on page- 106 and answer questions 42 through
45, : -

42, When the lifting force is removed, what is
the stability of an air parcel that tends to move
still farther away from its original position?

« Unstable

. Absolutely unstable
. Conditionally stable
. Stable

oQw >

22

. Condensation . o

%




43, VWhat is the stability of a column of air if
the lapse rate is less than the saturation adia-
batic lapse nate? ¢

A. Absolutely stable.

B. Conditienally stable N
C. Relatively unstable

D. Conditionally unstable *

44, When %\
AROWAGRAM, what is the average thickness of
tne lzyer of air that you should use in the compu-
tation of the average mixing ratio?

A, 108 millibars
B, 100 feet

- C, 100'meters
D, 100 kilometers

45, As a parcel of air is lifted, at what rate of
temperature change do the dewpoint and the dry-
bulb temperature approach each other?

0.55°C per 1,000 feet
- 1*C per 1,000 feet

3.2° F per 1,000.feet

4.5° F per 1,000 feet

Domy

y .
SIXTH ASSIGNMENT

~ In Pamphlet No. 460 read from Optical Phe~
nomena on-page. 106 through page 115 and answer
questions 46 through 50,

46. What does the color of visible light depend
upon? " '

A,  Frequency ONLY

B. /Wavelength ONLY

C." Frequency and wavelength

D, Density of the medium through which
light travels

are determining energy areas onan

S o ' '
47. What property of an cbject permits virtually
100 percent of the light striking the object to
pass through the object? '

f\ A. Opacity . \
. B

. Transparency
C. Translucency
D. Absorptivity

48, Which.of the following terms describes
sunlight glancing from the ripples on a lake?

Incident transmission
Specular reflection
Diffused reflection
Regular reflection

vowy'

§

49. I the speed of light travels through the air
twice as fast as light travels through a particular
substance, what is the refraction index of that

?
substance -
A, 0,25
B, 0.5
C. 2 -
D 4

50, What two primary colorsin overlapping beams
will produce a light of the secondary color cyan?

r

Yellow and magenta
Green and red N
Blue and red

Blue and green

oWy
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... LESSON 3

. GEOLOGICAL AND PHYSICAL OCEANOGRAPHY

-~ FIRST ASSIGNMENT

In Pamphlet No, 461 readfrom page 1 through
page 7 and answer questions 1 through 11,

1. VWhich of the following oceanic areas has an

approximate one-to-~one ratio with the earth’s
total land cover?

‘ A, Antarctic

B. Atlantic
C, Indian
D. Pacific

8

2, What continental nation has thé LONGEST
porder with the ocean?

A, Australia

B. Canada

C. Soviet Union
D, YUnited States

3. The Federal government’s broad national
objective in oceanography is to .

A, protect life and property A\

. comprechend and exploit the ocean
. strengthen basic science

. manage ocean resources

oQw

4, What federal organization hds the FINAL
rev1ew and approval of annual reports submitted
by the Interagency Committee on Oceanography?

A. Environmental Pjotection Agency

B. Commission on Marine Science

C. Federal Counci)/for Science and Tkch~
nology

D. National Oceanl and Atmospheric Ad-
ministration

5. Early international cooperation in the ficlds
of oceanography were stimulated by the eﬁorts
and reports of . . >

A, Captain Cook

B. Lieutenant Maury
C. Sir John Murray

D, Comimander Wilkes

» B'

6. Many of the world’s marine biological sta-
tions are modelled after the station in .

La Jolla, California
Nanaimo, British Columbia
. Naples, Italy

D, Viadivostok, U.S.S.R.

A
B
C

7. Early exploration of Alaskan coastal waters
included environmental data and samples collected
by scientists aboard the cutter .

A, BEAR
BALTIMORE
C. HAMILTON
D, LINCOLN

8. In what year did the Coast Guard begin
operations in support®of the International Ice
Patrol?

A, 1912
B, 1914
C. 1917
D, 1919

y‘
9., What type of oceanographic plandidthe Coast
Guard develop in response to Section 94 {Ocean-

ographic Research), Title 14, USC? -

A. A-ten-year operational plan
B, A nine-year provisional plan
A five-year long-range plan
D, A two-year temporary plan

~

10, Any request for assistance in cooperative
oceanography projects that duplicate established
programs requires the approval of the .

A, 'Commandant

B, area commander

€, district commander '
Coast Guard Oceanographic Unit

11, Which of the following cutters is designated
a WAGO?

A, CASCO
LAUREL
GLACIER
ACUSHNET

vow




. SECOND ASSIGNMENT ) 18, ,’I‘h'e major cause of bottom topography mod-
' ification in the ocean is a result of .

In Pamphlet No, 461 read from page9
through page 17 and answer questions 12 A, water currents

through 21, B. wave action
. C. severe storms
. 12. The watef of the ocean accounts for what D, sedimentation
percent of the water on earth? i ,
A, 55% - 19. From the following list of pelagiC sediments,
B. 70% the only siliceous category is __ ooze,
C. 85% ' . )
D. 95% A, radiolarian
: i B. globigerina .
13. The earth’s mantle is also called the . C. coccolith vl
. . A, asthenosphere. D.  pteropod ) ‘
g‘ centrosphere 20, Which of the following classifications are used
. exosphere
D. lithos phere ) MOST often to classify terrigenous deposits on
a sea floor? ,
14, Which of the following ,areas of the earth 1 1
contains the GREATEST mass? » Color
2, Texture
- . A. Crust . 3. Composition of material
B. Mantle '
C. ' Inner core " A. 2and 3 only
D, Outer core B. land3only .
C. 1and2only
15. On a global scale, the overall average for D.. 1,2 and3 .t
the width of the continental shelf is miles,
« A. 300 . . 21. The reflection mode ‘of sound transmission
B. 100 v is affected most seriously by bottom . .
- C. 30 _—
D. 10 _ . A, absorption

. B. reverberation
16. What two features bound the area referred C. scattering
to as the Continental Rise? D, topography
1. Continental Slope
2. Continental Break
3. Continental Borderland THIRD ASSIGNMENT
4, Ocean Basin )
. ' In Pamphlet No, 461 read from page 19to '
A, 3and4 ’ TranSparenCy on page 28 and answer questions
B, 2and3 ’ . 22 through 36.
C. land4 ) ] )
D, 1 and2 22, Which of the following recent developments

has had the GREATEST impact on the field

17, Of the major underwater ridges, the widest of oceanography? . '

ridge is located in the Ocean. - .-
B . A. Improved inStrumentation-

A, Indian B. High speed computer systems
B. Pacific " "C.. Refinement of obsérvational techniques
C. Atlantic D. Cooperation among science speciausts
D, Arctic in many fields
‘ 14
. . ¢ .
’ 12

25 .
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23. In middle latitudesy e mixed layer of the
ocean exténds to average depth of feet.

A, 300

- B. 900
C. 1,200

“ D. 1,500

\.
4
.

22, An incredse in ‘scattering within a layer of
water will also incr'egs\e within the

same layer,

A
B.
C.
D,

radiation

ahsorption -

conduction : )
reverberation

25, In open ocean areas, sea surface tempera-
wures show the GREATEST diurnal variation in
" régions,

. semi-polar
. temperate
. tropical

. polar

[N @N BT

26. Tne GREATEST decrease in temperature
through tne thermocline layer is found at
latitudes, : ‘
L
. low .
. high
. lower-middle
. upper-middle

OaQw e

’

27, Which of thé following constituents of sea
water {epresents the GREATEST yportion of
* dissolved solids in a water sa'mplé?
Sodium .
" Potassium
Magnesium
Chlorine

A,
B,
C..
D,

- 28. Throughout the world, which of the following
" factors controls thie average 'surface salinity
distribution? ' ot

.River discharge and 1and runoff combine'
with precipitation .
The effect of ocean currents and evapora-
tion
The difference between evaporation and
precipitation
‘The amount of jce deterioration and
precipitation

* *
v

29. The pressure at a depth of 100 fathoms_
is approximately ol

v

-

A, 200 bars’

B. . 20 bar%

C. 100 decibara - ’
D. 10 decibars

\ . <«

30. Which of the f~ollowing parameters are numer-
ically identical? ™

. Density
. Specific volume
Specific gravity .
i . Specific volume anomaly o
4 =
) NS

A, land2

é. 1 and 3 =
D

"~

B W

2 and 3
. 3 and 4

31 Which of the following actions decrease
sea water density?

. 1,
- 2.
3,

Precipitation
Melting of ice
Heating

1, 2, and 3

1 and 2 only

1 and 3 only

2 and 3 only

oWy

32, In the ocean, convective eirculatio’n ié set
in ryotion by which of the following conditions?

4.
B,
CQ
L,

An abundance of preeipitation
Heating of surface water
Formation of sea ice
. Run-off from land
-33. The sscosity of sea water increases with an
increase |n which of ‘the following parameters? ..

1, Temperature
2, Salinity
3 3. Pressure
A, 12, and3 . . -
B. 1lpnd 3 only )
C. 2jnd 3 only X : ’
D, 2pnly o o
13
L 4




- increase the gpecific heat of sea water?

.
-4 - -
- - (%) . -,

v

34, Of the followig actions, which tends to

.

A, Sea ice formation N
B. River discharge
C. Surface vooling
D. " Evaporation
35. Which of the following results in an increase
in"the electrical conductivity of a sea water sample?

A. Increase in temperature angd/or salinity
B. Decrease in temperature and/or salinity
C. Increase in temperature but decrease in
. salinity
D, Decrease in temperature but increasein
salinity

]

36. Surface tepsion increases as a resuls of '
1 an increase in .

A, salinity

B. pressure.
C. temperature
D compresslbility

L

FOURTH ASSIGNMENT

In Pamphlef No. 461 read from Transparency
on page 28 through page 40 and answer questions
37 through 50,

.

37 Nearly 6ne-half ﬂie‘%} radiant energy
rer'elved at the sea surface is absorbed in" the
first few ..

-

> -
A

A, fathoms
B meters
C. feet

D, inches

38, What percent of the earth’s ice~covered water
surface-is covered with glacier ice?

.

A, 015%

B, 2.85% \

C. 5.00% .
D. 95.00%

39. An ice MINIMUM in the Northern Hemisphere

is generally present duringthe morith of .
A, September
B. August
C. Jduly
. - D, June
2R
; 14

40. The average thickness of arctic polar pack

ice‘is meters,
A, 9,0 .
B L] 7.Q
C. 4,5
D, 3.5

41, Exposed openings in sea ice that quickly
freeze over are referred to as .
A,. leads .
. cracks
€y polynyas
. D, skylights

42, Which of the following locations produces The .
GREATEST percentage of the world’s glaciers?

A, Antarctica

B. West coast of Greenland

C. East coast of Greenldnd

D, North coast of Ellesmer® Island

- ‘\
43. In the Greenland area, what is the average
height of locally calved icebergs?

A. 20 meters

B, 50 meters
J C. 70 meters .
' D, 120 meters’

.

44, In polar waters, what pergentage of the mass
of an iceberg remains submerged?

. 67%
. 75% -
. 82%
. 90%

oQw >

F 1 . . .
45, The velocity of sound in the' sea fncreases
with an increase in which of the following para~
meters?
1, Temperature
2, Pressure
3. Salinity

3

AN, 2,and 3 .
B, 'land2only - °

C. 1 and3 only *

D, 2 and3only




46, In the mixed layer, which of the following
parameters tends to refract soundbeams upward?

A, Chlorinity

B, Conductivity Co-.
C. Pressure

D. Temperature

47. The reflective characteristics of sound are
dependent upon which of the following? ’

1. Frequency of sound source
2, Angle of incidence

3. Pulse interval :
A, 1,2 and3
B. 1 and 2 only
C. 1 and 3 only

D. 2 and 3 only

48, Sound waves travel in straight lines if the
medium through which they travel maintains a
cénstant .

A, salinity

. speed
pressure
temperature

SOow

49.‘ Which of the following parameters may cause
reverberation of an emitted s d pulse?

1, Sea surface ) '
2, Bottom topography
3. Schooling fish

A, 2and3-only .
B. 1 and3only -
»C, 1 and 2 only
D, 1,2, and3

1

50, A sound channel in the sea is characterized
by a .

~ ~

density minimum

density maximum
velocity minimum
velocity maximum

~¥eY-F=

b
"
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LESSON 4

=2/

MARINE BIOLOGY AND WATER MOTIONS \/

FIRST ASSIGNMENT )

In Pamphlet No, 461 read from page 41
through page 53 and answer questions 1’ through

1
1, Al marine\\'{e is divided into vghat three

categories?
A’ i’elaéic, b%os. and plankton
B. Pelagic, bénthos, and nekton

C. Plankton, nekton,’ and pelagic
D, Plankton, benthos, and nekton

2, VWhich of the. following chemical nutrients
~&kecome a primary food source in the sea as a
result of photosynthesis?

A,
E,
C,
D,

Carbonates, nitrates, and silicates
Carbonates, nitrates, and phosphates
Phosphates, nitrates, and silicates
Phosphates, carbonates, and silicates

3. Phytoplankton are produced in which of the
following oceanic zones? =

A, Mesopelagic

B. Euphotic

C. Bathypelagic

D. Abyssopelagic

-4, Which of the following effects of marine
fouling 'and deterioration isconsideredthe MOST
serious to th€ naval services? ‘

A. Large dollar loss

B. Reduction in readiness

C. Impairment-of vessel handling

D, Deéterioration of support facilities

5. Which of the fouling organlsms listed below
is a crustacean?.

A, Annelids
B, Ascidian
C. Shipworms
D. Gribbles

6. In MOST cases, the rhythm of bioluminescent
flashing depends upon the .

A. amount of organisms
B. type of organisms
C. kind of stimulation
D. time of stimulation

17

7, During" daylight hours, a well-defined deep
scattering layer (D,S.L.) is frequently observed
at a depth between meters, *

10 and 150
150 and 300
300 and 350
400 and 600

i
8, Studies of the deep scattering layer indicate
the PRIMARY food source for biological make-up
of the layer is . .

Ao
B,
. C.
D

o~ b

T

A. zooplankton
B. phytoplankton
C. lanternfish .
D, chemical nutrients

9. A sound similar to that of radio static is

made by which of the following oceanic dwellers?
A, Silver perch

B. , Snapping shrimp

C. Barnacles.

D, Croakers

10, The MOST comwmon noises produced by

pekton are a product of their . :
A, swim-bladder

. claws

. fins

. teeth

oOw

’
'

1:[.. The formation of a coral reef is PRIMARILY :
what type of process? .

. Biological
. Geological
. Chemical
. - Physical’

UQOw>»

12, Which of the’following obnoxious animals is
“classified as venomous? ,

A, Shark ' . -
. Moray eel

. Barracuda

. Stonefish

Uow




SECOND ASSIGNMENT

/ In Pamphiet No. 461 réad from page 55 to
Currents on page 59 and answer questions 13
through 18,

13..If the period of a particular wave train is

8 seconds, what is the length of waves in that
train? -

A, 41 feet

B. 82 feet &
C. 164 feet -

D. 328 feet

14. The highest one-third of all waves observed
+ for a given sea is referred to as the
. height,

A, wave
B.i swell
C. average
$ D, signlficant

of swell waves?

o 1. ‘Dispersion .
2, Confused sea state
3. Angular spreading

. 2 and 3 only

. 1 and 3 only S L
. land2only - T

. 1,2,and3

oQw >

‘16. In relation to a storm center at sea, the
distance between wave crests .is GREATEST in
the area that is .

Y

Ai inside the fetch but near the winﬁward
end of the fetch -
) ‘ B. inside the fetch but near the leeward
. end of the fetch ..
C. outside the fetch but downwind from the
. . léeward end of the fetch
D, outside the fetch but upwind from the
leeward end of the fetch °

17 . What wave factor determines when any given
_wave will be influenced by bottom topography?

. Height
Length A

Period ’
, Amplitude

DOWw>

18. Which of the following statements concernlng
waves is true in ALL cases?

A, Wave velocity decreases when water
depth decredo€s” J/

B, Wave direction changes as water depth
decreases

C. Wavelength increases as the water depth
decreases

D. Waves passing over submarine ridges
move faster than waves passing over
depressions

-

THIRD ASSIGNMENT

In Pamphlet No. 461 read from Currents on
page 59 to Tidal Phenomenon on page 66 and
answer questions 19 through 30,

19. Knowledge of subsurface ocean currents.is

* based PRIMARILY upon .
15, Which of the follawing are characteristics i

A, temperature distribution
B. salinity differences

C. density computations*

D. direct observation

oA

20. A current in the Bering Straits is an example
of which of the following current classifications?

A. Tidal

B. Hydraulic

C. Geopotential

D. Wind driven -

21. What percentage of a local wind’s velocity
is used to determine the local current’s drift?
. A, 33%
. B, 20% '
C. 10%
D. 2%

22, The direction toward which a tidal current

tends to move floating ?bjects isknown as .

A, drift

. plane

. range -

. set -

oOw




23. The MAXIMUM speed of ocean currents in * 29. What wind direction causes u

the middle latitudes rarely EXCEEDS_
knots, .

. A. 50
. 3.0 =
. 2,0
. 0,57

Dow

24, The deflection of a wind-driven current is

~

the GREATEST at which of the following latitudes?

A, 65'S
. 32'S ' :
. 10°N .
., 45°N

OOw

25, A deep-water subsurface ocean current main-
tains nearly the same velocity characteristics
of the related surface current in which of the
"following relative locations?

A, Throughout the mixed layer and thermo-
cline . - :
B. The upper part of the mixed layer only

C. The lower part of the mixed layer only’
D. Throughout the mixed layer

26. With present knowledge {*Qurrent eddies
near the Gulf Stream,: large scale eddies are
known to exist for what period of time?

A. In excess of a month .

B. In excess, of three months
C. Not longer than four weeks
D. Not Ionger than a week

27, Vertical ocean-currents rarely EXCEED a
depth of ' meters, _ -

A, 100 .
B. 300
C. . 500
D, 1,000

28. A line of debris in the open ocean indicates
the presence of a . cutrent,

-

A, cross L - .

B. rotary e
C. downward

D, diverging -

tides,

- 23

pwelling along

the coast of Peru?

A, Westerly .

B. .Northerly .
cC. Northwesterly

D. Southwesterly

30. The thet')ryof ocean currents mustbe modified
for water movement shoreward of the -
eontour,

A, 200-fathom .
B. 150-fathom . *
C.” 100-fathom . -
D, . 50-fathom -

A}

FOURTH ASSIGNMENT )

In Pamphlet No.-461 read from Tidal Phe-
nomenon on page 66 to Tidal Currents on page 73
and answer questions 31 through 39,

31, What is the term applied tq that brief period
at high and low tide when no change of water
level is apparent?

. Stagd

Sla
. Crgskt
D, stiil water ..’

owp

32, Which of the following conditions results in
unequal tidal heigh?s between succeeding low and

high tides at a given place during a similar
time period? !

A, Decli{'ation of the moon
B. Declisation of the sun

C. Phase‘mf the moon
D. Phaseiof the sun

33. A semidiurjal tide is characterized by which
of the following tidal actions? ’

A, Two rligh tides and one low tide daily
B, Two hi‘h and two low tides daily
C. Ome hgh tide and two low tides daily

D. One high and one low tide daily

34. When the opposing effects of tite moon and the

sun are such tha they produce low high tides and
high low tides, tAe tides are referredtoas

A, gravitatipnal
" B. spring

« lunar

. neap

oow




35, A perigean tide occurs when the moon is

aligned with the sun
opposed to the sun
closest to the earth

., farthest from the earth

U.(')WZb

36, How long is the nodal period of the moon?

A, 12,4 hours
B, 18,6 years
C. 24.8 hours
D, 29,5 days-

37. The level that is used at a tidal*station from

which to measure water height and bottom depth

is referred to as _ .

A, mean sea level
B. mean low water
C. nodal level

D, tidal datum .

38, A- desirable observational program to obtain

tidal data should be conducted over a MINIMUM -

time period of one cycle,

A, lunar
B. nodal ’
_C. solar
D, tidal

39, Which of the following Tide Tables provides
information for finding the approximpate height of
the tide at any time between low andjhigh water?

Ao Table 1 7
. Table 3
. Table5
., Table 7

ovaow

FIFTH ASSIGNMENT

Currents
questions

In Pamphlet No.4él read from Tid
on page 73 through page 78 and answe
40 through 50,

40, At which of the following lothions is a
tidal current MOST pronounced?

A, At harbor inlets

. At broad river mouths

.. Near coastal bays '
, Near offshore islands -

DQw

-

41, A hydraulic tidal current is a result of
changing .

A, water height

. water velocity
. current set

. current drift

OOw

42, An offshore, unrestricted tidal current is
referred to as a/an current,
A, elliptical
. hydraulic .
. perigean
, rotary

oaw

43, An offshore, semidiurnal tidal current re-
quires what MINIMUM time- period to complete
an elliptical pattern?

A, 3.1 hours
. 6,2 hours
. 12,4 hours
. 24,8 hours

vaw

44, What time period is used to obtain the mean
value of a tidal current?

A, 19 years ) /
B, 1year - /
C. 6 months ,/
D, 28 days /

45, Which of the following condjtions can cause
a nontidal current to occur? /

«
A, Moon phase /
B. Local wind 4
C. Water stand !
D, Slack water

46, Which of the- followirng statements BEST
describes tidal current actio/n in aninland stream
or estuary? .

<

"A, The velocity maximum of the current
is reached near shore

B. The velocity maximum of the current
is reached at half-tide

sC. The tidal current reverses first near
shore

D. The tidal current reverses first at
midstream o

3

32




' 47, The velocity of an outgoing tidal current 49, From the list below, what data are contained .

is generally STRONGEST near the - . in Tidal Current Tables?
»1. Times and strengths of flood currents

"A. surface 2, Times and strengths of ebb currents
B. bottom . 3. Times of slack water
C. left bank, as you look downstrgam A, 1,2 and3
D, right bank, _as you lool-c downstream B. 1 and 2 only )
C. 1 and 3 only
D. 2and 3 only
48, How often are Tidal Current Tables published 50. Which of the following portions of Tidal Cur-
by NOAA? rent Tables contains information about velocity
MAXIMUMS of a current?
A, Monthly A,. Table 5 N
B. Annually B, Table3 . -
C. Quarterly C. Table 2
D, Semiannually D. Table1l

21




LESSON 5§

BASIC METEOROLOGY AND METEOROLOGICAL 'l':JLEMENTS

FIRST ASSIGNMENT

In Pamphlet No, 462 readfrom page 1 through
page 13 and answer questions 1 through 23,

1, An earlycollection of meteorological material
widely - recognized as an authoritative treatise
on weather was written by ) .

A, Virgil
. Aristotle

Z. Hippocrates
. Theophrastus

2,. Which of the following men invented the air
thermometer?
A, Bacon
. Hooke -
. Galileo
. Torricelli

3. The polar front and wave theory of cyclone
development was the work of . . .

A, Haley
. Boyle
. Byers
. Bjerknes

4, Since 'WWII, the MAJOR advancement in
theoretical and practical meteorology has been
in the field of . .

physics
chemistry
electronics
mathematics

5. MOST of 'the energy radiated by the sun is
in the form of - waves,

A. Heat
. light
electric
‘ultraviolet

’

6. Which of thefollowing earth’s motion have
an effect on world-wide weather patterns?

1, Precessional motion
2. Revolution -
3. Rotation

4, Solar motion

. 1,2,3,and 4

. 2, 31 and 4 Only
+ 2and3 only

. 3 and 4 only

7. The sun’s rays shine perpendicular to the
Tropic of Capricorft during the - .

winter solstice
vernal equinox
summer solstice
autumnal equinox

8. -That area of the earth between the Tropic
of Capricorn and the Tropic of Cancer is referred
to as which of the following?

1, Equatorial Zone
‘2. Torrid Zone

3. Tropical Zone
4

. Tropics

« 1,23, and 4

o 1,2, and 3 only

o 1,2, and 4 only
+ D. 2,3, and 4 only .
9. Which of the following characteristics of a
substance has the GREATEST effect on type
and intensity of the -electromagneti¢ energy ra-

.diated by the substance?

/ A, Size

B, Color
C. Composition
D. Temperature

10, Which of the following methods of heat transfer
has the LEAST effect in meteorology?

A, Advection
. Conduction
. Convection
. Radiation




< 11, The temperature of the earth’s surfacebeing
heated by oblique rays is lower than the surface
area heated by perpendicular rays because of
the . g

absorption of light rays
dispersion of egergy
"scattering of en
reflection of light rays

Dowp

12, On an average, the earth absorbs what per-
centage of incoming-solar radiation?

25%
. 36%
51%
. 75%

13. What is the average albedo of the earth?
. Between 13 and 28 percent
. Between 36 and 43 percent
Between 45 and 52 percent
. Between 55 and 65 percent

v

14, When the ‘sun is directly overhead, which of
the following surfaces will have the LOWEST al-
bedo? .

A, Water
. Forest
Dirty snow
Cloud tops

Dow

>
-

15. On an average, what percentage of insolation
is absorbed by the earth’s atmosphere?

3%- ,
8% : g
13% .

36%

«

IA.'
B.
C.
D,

)

16. Practically all the fadiation received innorth-
ern polar regions during winter {s a result of

2
.

- ‘A, counterradiation
B. ‘atmospheric radiation
C. terrestrial radiation
D. diffuse sky radiation

&

24
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17, Of the following atmospheric zones, which
zone is NOT a meteorological classification?

"A, Thermosphere
B, Stratosphere
C.- Ozonesphere
D, Exosphere

18. Above what a’;ea(s)' of the earth does the
troposphere extend to the GREATEST height?

A, The Equator

. The poles

. The mid-latitudes

. The poles in summer and the Equator
in winter

oOow

19. The MAXIMUM amount of water vapor an
air parcel can hold is percent by
volume,

A, one
. four
. Ssix
. ten

[w N ol

20. The composition of the air above the tropo-
pause is about the same as the air below the
tropopause EXCEPT for the amount of .

oxygen
nitrogen

carban dioxide |
water vapor

Poppx

21, Absorption of ultraviolet radiation by ozone

results in a temperatureincrease inthe .
A, exosphere

B. mesosphere

C. troposphere

D, stratosphere

22, The COLDEST temperature inthe atmosphere

is reached at the base of the .

A, mesopause

. measosphere
. stratopause

. ‘stratosphere

[wNe N

3
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23. The forecast of temperature inversions is

MOST frequently made for which of the following

electrical layetrs of the atmosphere?
A, -D-layer -~

B. Ionosphere

C, ' Ozonesphere i,

D. Troposphere . .

SECOND-ASSIGNMENT

P

In Pamphlet No, 462 read from page 15
to Clouds on page 23 and answer questions P
through 38,

AN

24, The MOST dominant meteorological element
controlling the type and intensity of weather is

.

A, wind

B. pressure

C. temperature
D, water vapor

¢+

25, What physical characteristics of air cause
the air to exert pressure? .
A, Weight and density ) §
B. Elasticity and density
C. Compressibility and volume
D. Elasticity and compressibility
v :

-

26. Temperature is a measure of which of th/

following parameters of a substance?

10
20
* 30

Heat intensity
Molecular motion
Hotness or coldness

. 1,2,and 3

. 1and 3 only
. 2 and 3 only,
. 3 only

oDQw>

\ .
27. How many scale divisions are there between
the boiling and the freezing point of water on the
Kelvin temperature scale?

A. 459
273
180

100

.

B.
C.
D,

Al

25

’

28, In an area of unobstructed air flow, the tem-
perature of the air near the earth’s surface is
referﬁ to as the temperature,
A, mean

B. free air

C. virtual

.D. potential

29, Which of the following will cause water
vapor to condense in a closed container of sat-
urated air? i
A,
B.
C.
D.

Increase in pressure
Increase in temperature
Decrease in temperature
Decrease in pressure -

30. Which of the following humidity terms is/are
expressed in percentage form?

1, Relative humidity
2, Mixing ratio
3. Saturation mixing ratio
A, lonly
B. land2o0nly -
C. 1 and 3 only
D, 1,2

. 1 and ' .
31, The DIREQT cause of windflow is variation
in .

~

. temperature
. Dpressure

. humidify

. density

oQw>»

32, Which of the following luminous msteors is
NOT related to clouds which result in adverse
weather conditions?

Halos

Coronas

Auroras \
Rainbows \

A,
B.
C..
D,
33, Light rays which enter a substance, are
bent within the substance, and leave the substance

at a different angle have been .
A. diffracted
B, refracted 1
C. diffused l ‘

D. reflected

36
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34, Which of the following atmospheric phenomena

are electrical in nature?

"1, Fogbows

2. Auroras
3. Airglow
A, 1,2,and3 ..

B. 1 and 2 only
C. 1 and3 only
D, 2 and 3 only

35. A very red appearance of the sun’s disk at
sunset is a result of .

‘L A, smoke
' B. sand
C. haze
D. dust

36. All frozen forms of precipitation are re-
ferred to as . . -
—_— )
A, lithometéors
. hydrometeors
igneousimeteors
luminous meteors

vow

’ AT ¥
37. Of the following solid forms of precipitation.
the equivalent of drizzle is .

A, hail

) B. sleet . .
C. snow grains
D, snow pellets

38, Accretion is the p&ce,ss by which water
droplets .

. A, grow In size by continued condensation
) ’ B. sublimate into ice crystals because of
air turbulence
C. evaporate and then sublimate directly
into ice crystals -

D, -accumulate more layers by colliding with
and holding smaller droplets

H . /;

THIRD ASSIGNMENT

In Pamphlet No. 462 read from Clouds on
page 23 through page 38 and answerquestions 39
through 50.

) DA

39. Which of the following conditions are re-
quired for cloud formation?

1, Sufficient wind

2, Presence of moisture

3. A cooling process

4, Prgsence of hygroscopic nuclei

A, 1,2,and3
B, 1,3,and 4 -
+C, 2,3, and ¢
D, 2 and 4 only
g

40. Radiational cooling is a process that cools
the air by .

A, contact with a cooler surface

B, reradiation of long-wave energy

C. reradiation of short-wave energy

D, contact with an overlying cooler air

parcel

41, In polar regions, whatis the EXTREME lower
limit of the high etage?

20,000 feet
16,500 feet
13,000 feet
10,000 feet

Doy

-

42, Which of the following cloud species is NOT

associated with cumulus clouds?

A, Congestis .
B. Humilis

C. Mediocris

D. Spissatus

43, The ice crystal composition of cirrus clouds

" determines which of the following characteristics

of cirrus clouds?

1, Shape'’
2, Height
3. Transparency (\
A, 3only -
B, 2 and 3 only
C. 1 and-3 only*
D

. 1,2,and 3

37
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4;1. A cloud type that is NOT divided into any

48, Sea fog is formed when the wind transports

species but exists in several varietiesis R

A, altostratus

B. ' cirrostratus
C. nimbostratus
D. stratocumulus

45, Heavy, intermittent showers, sometimes mix
ed with Hail, are a characteristic form of precip-
itation ociated with clouds,

A, stratus \ , '
B. altostratus

C. cumulonimbus

D. nimbostratus !

46. By which of the following processes may
saturation of an air mass be reached?

increase in temperature
B.. rease in dewpoint
C. A decrease in humidity
D, A decrease in dewpoint

47, Fof produced by the transport of moist air
over a cooler surface i§ referredtoas fog.

P

S A, frontal

. upslope
. advection
, radiation

U QW

27

> A, moist, cool air over a warmer ocean
surface

B. moist, warm air over a colder ocean
surface

C. dry, coolairover awarmer ocean surface
D, dry, warmairover acolder ocean surface

49, What type fog is formed as a result of an
increase in dewpoint?-

Sea fog

Steam fog -
Radiation fog

Land advection fog

vow>

50. Dew which is frozen afterformlngi\s refer.ced
to as .

‘frost
hoarfrost
deposit ice
white dew

oy
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LESSON 6

.,

ATMOSPHERIC CIRCULATION, AIR MASS?ES, FRONTS, AND SPECIAL PHENOMENA

FIRST ASSIGNMENT -

In Pamphlet No. 462 read from page 39
to Secondary Circulations on page 48 and answer
questions 1 through 9.

1. Circulation within the atmosphere that is
modified by minor, local mateorological conditions
is referred to as circulation,

general
tertiary
secondary
primary

2, General global circulation is set in motion
by which of the following parameters?

. Density

. Moisture

. Pressure

. Temperature

3. If we consider basic ‘temperature gradients
over the earth, in what month.do the steepest
. gradients occur in the Southern Hemisphere?

A, June

B. March i “ ¢
C.’, September

D. December

The polar regions of the earth are areas

‘e

A, migratory low pressure
B. permanent low pressure
C. permanent high pressure
D, seasonal high pressure

s
3.

divides the earth into how many circulation
belts?

A, Three
B. Four
C. Six

D. Eight

The 3-cell‘theory of atmo;;)heric circulation

6. Vertical circulation in the atmosphere is
found at which of the following latitudes?

‘

A, 0% .30° 60° and 90°
. 0° and 60° only
30° and 60° only
30° and 90° only

%

A wind that blows parallel to curved isobars
wind,

7.
is referred to as a/an
v
A, geostrophic
. gradient
. isallobaric :
, cyclostrophic

Friction affects the direction of wind flow
feet,

8,
to an average altitude of
10,000
8,000
5,000
3,000

~

9. An.area of divergence is generally associated
with an area of ~ .

precipitation

upward air flow

inward air flow

high barome]tric ‘pressure

SKCOND ASSIGNMENT

In Pamphlet No, 462 read from Secondary
Circulations on page 48 through page 58 and
answer questions 10 through 21,

10, In the Northern Hemisphere, the sub-tropical
high over the Pacific Ocean is WEAKEST during
the .

autumn
winter
spring
summer




.

11, Which of the following atmospheric conditions

are conducive to anticyclonic formation during

winter over continental areas?

. Low temperature and high density
Low temperature and low density .
High temperature and high density
. High temperature and low density

baowy

" 12, What frontal system has the GREATEST
effect on the weather of the United States?

. A. Arctic front
B. Polar front
C. Temperate front ~/
D, Extratropical front N
13. A counterclockwise circulation of air in the
Southern Hemisphere is known as a/an .

- A,
B. '
C.
D,

cyclone
tornado
hurricane
anticyclone

14, Which of the following conditions describes
cycloysis?

A, Decrease and extinction of a cyclone
. Formation of a new cyclone

oQw

R Second stage of cyclone development

15. What type of. weather is generally associated

with a monsoon circulation in winter?

A, Clear skies

. Violent showers

Moderate intermittent showerSr
Considerable convective cloudiness

Do

16. Which ,of the following characteristlcs is
associated with the jetstream? -

‘A, The velocity of a particular jetstream
is constant everywhere
. The depth of the’ jetstream exceeds the
width of the stream
A relationship exists between a break
in the tropopause and the jetstream
. A jetstream nearly always flows west-

ward

B
C.
D

. Intensification of an existing cyclone .

Kl

17 In what direction do tertlary winds tend to
blow in areas of adjacent land and water bodies?

and darkness
. From water-toward land during daylight
and darkness
_Q, From land toward water at night andfrom
water toward land during the day
D. From water toward land atnight andfrom
' land toward water during the day

A. From land toward water during daylight
B

18, Which of the following winds are classified

_as anabatic?

Foehn
Valley
Glacier
Mountain

A,
B.
C.
D,

A chinook wind is warmed as a result of the

19,

expansion of ascending air
expansion of descending air
compression of descending air
contraction of ascending air

A
B
C
D
A

20. A glacier wind ‘is generalfy characterized
as .

warm and dry
warm and moist
. cold and moist
D. cold and dry

Q.Uib

21, For 'which of the following reasons is the

hazard to aircraft GREATER on the leeward

side of steep mountains than the windward side?

S A, Updrafts are more pronounced on the
leeward side

B, Severe downdrafts often accompany the
pronounced eddies on the leeward side

C, “Friction 1S mare pronounced on the
leeward side

D, Eddies tend to be stationary on the
"leeward side

- THIRD ASSIGNMENT

In Pampllet No. 462 read from page 59
through page 66 and answer questions 22 through
31.

s




" 22, What are the two basic classifications of
- air masses? ) v

A, Continental and _rnaritlme
B, -Moisture content and geographical
"C, Geographical and therrhodynamical
D, Moisture content and thermodynamical

+

23, Which of the following reasons points to the
dl.fference between cPk “and cPw air masses?

A, cPk originates.over continents
"'B. cPk originates in polar regions

C. cPk air is colder than the underlying

surface

D, cPk is warmer than the ‘underlying
' surface
24, Which of the following air masses has the
HIGHEST moisture content?

A " Superior

B. Equatorial

C. Maritime arctic
D, Maritime polar

25, Which of the following will effect a change
in the type of weather associated wlthaparticular
air mass?.

1, Speed of air mass ’
2, Underlying terrain

3. Direction of.air mass travel

1,2, and 3

1 and 2 only
1 and 3 only
D, 2 and 3 only

26, During wlnter, the’ occasiohal heavy dowr-
pours‘along the California coast are associated
with which of the following air massey?

A, Continental tropical
B. Continental pokar
C. Maritime polar

’ D. \Iaritime tropical

A
B,
T

-

. 27, From the list below, which areas are source
regions for continental tropical air maskes?

Interior of Russia *
- Northern Africa

Asia Minor

Interior of Austrilia

28, The MOST .predominant air mass of the
Southiern Hemisphere is .

A, mariﬁme t:roplcal
B, maritime polar—
! C. continental polar -
! D, .continental tropical * -

29, l)lrlng the summer, which of the folowing
air masses are assoclated with the sea fogs
of the Grand Banks? .

A, Maritime tropical
B, Maritime polar

C. Cong;:eﬁtal polar
D, Continental tropical

30, A conservative property of an air mass
with respect to dry adiabatic temperature changes
is .

A, wet~bulb temperature
,B. equivalent temperature
C. potential temperature

D. relative humidity

31. When we define aif~mass properties, which of
the following temperatures use the 1,000-mb
level as a point of reference?

Equivalent temperature
Equlvalent potential tempera-
ture

. 1,
{‘, 2,

3.

1, 2, and 3

1 and 2 only
1 and 3 only
2 and 3 only

. FOURTH ASSIGNMENT

In Pamphlet No, 462 read from page 67
through page 77 and answer questions 32 through

».38. °

32, The distribution of cloudiness and precipita-
tion along a -frontal surface is PRIMARIL

dependent upon which of the following factors

Vertical velociﬁes within the cooler
" air mass -

Vertical velocities within the warmer
air mass '
Horizontal velocities of the coldest air
mass

Horizontal velocities of ‘'the warmest
air mass

A,

Potenﬁal wet-bulb temperab.u‘e S
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33..In the Northern Hemisphere, the general FIFTH XSSIGNMENT
‘wind flow vrit.h the passage of a warm frontis ' .
e - In Pamphlét No. 462 read from page 79
A, a wind shift from southeasierlyto south- through page 92 and answerquesticns 39 through
. westerly. { C : ‘r,’o
B. a wind shift from northeasterly to south-
. c- ':a?::gn wind from southwesterly to 89. Which of the foliqwing atmospheric conditions
) . ‘ southeastirly y are necessary for thunderstorm formation?
s D, -a backing wind from southeasterly to” ¢ h .
8 northeasterly . 1, -Sufficient wind
- , .- . 2, Presence of moisture
. \ m 3. A cooling process
34, Wherev is the est air dssociated wit.h } 4. Presence of hygroscopic nucle

- awarm type occl -
-" A, 'Ahead of thewurtace front v . A. 1 and 3 only i
> B. Ahead of thg front aloft ~B, 1,2 and3
C. Behind thefront aloft e C.” 1,2, and 4
© D

D; Behind the surface front- ., 2,3,and4

A\ ]

35. A cold front that encounters colder, ‘stag'nant - ) . >
air' on the leeward side of a, mountain range 40, Downdrafts are associated with which of the
becomes what type of front? following stages of thunderstorm development?

- f': A
A, Warm . T . . « .
B. Stationary . ¢ ) o Stuﬁms '
C. Upper cold . P 3 -A:m.e
D. Upper occluded o - ’
. Pt .
" 36, ‘Which of the following situgtions tepds to A Jond : .
. devzlop the GREATEST numherofstorma‘g;rs? o 2 gly ‘ . .
A. A-cold alr mass pass}pg over n.,warm D, 2and3
ocean current o ‘
B, /A cold alr mass passing over: a cold B
. ocean current , 41, Within a thunderstorm, which of the following
C. 'A wirm”alr mass p%ssing over a cold relationships is true concerning turbulence?
ocean current 4 ‘
D, A warm air mass Qd’asihg over a warm . A, Turbulence varies directly with the in-
ocean current ~ %G : tensity of precipitation .
’ P *ﬂ' ~ B, Turbulence varies inversely with the
37, An easterly «wave that slopes to the west ’ intensity of the freezing level
with altitude is referred to as a/an wave, C. Turbulence varies directly with the in-
. tensity of the cloud formation .
T A, stable : D, Turbulence varies inversely with thein- ’
B. neutral -t ' tensity of snow and ice crystals
C. stationary ’ -
D, unstablg .

42, When flight is required in areas of thunder-
38. The int®rtropical convergence zoneis there~ storm activity, the safest procedure for pilots

" sult of converging . to foll6W is to fly the storms. .
A, easterlies ’ ‘ 4 . A, ‘through * - Lo . o '
. westerlies . B, around - .
. trade winds C. under !
. . antitrade winds D, over

B
c
D
J ;




43, In which of the following locations istornadic = 47, One of the FIRST signs: of an approaching

detivity MOST likely to develop? hurricane in the open sea is a .,
A, In the trough of an occluded front s A, lne of heavy cumulommbus clouds
B, In advance of a cold front B. gradual decrease in wind speed
C. Behind a squall line : C, well-defined pressure drop .
D, Along a warm front ' D, long, heavy SWeIF ™~ o

. Which of the 'following comparative s'tate-' 48, If d tropical cyclone is moving due north
ments concerning hurricane and tornado activity in the Northern Hemisphere, in what direction

is/are TRUE? - . is the LEAST dangerous quadrant?
1. A hurricane has a'longer life cycle ‘;‘ sS::gwes:::lly ,
+ - 2, A hurricane causes greater damage C. No. rtheezt eﬂy -, T, A
3. A hurricane has greater wind ve- D' y s, -
locities .. ° . Northwesterly .

. 49, Which of the following conditions of readiness

g. i Z’;g‘ 2 only . apply(ies) to tornadic activity?
C. 1,2,and3 1; Condition
D. 2 and 3 only - 2, "Condition II
N . 3. -Condition I
45, Tropical lowsareclassifiedby__ ™., - | 4. Condition IV
A, wind speed . A, 1,2,3,and 4
- B. source region B. -1, 2, and 3 only
C. central pressure . C.* 1 and 2 only . .
D, temperature gradient ) D, 1only

-

46, The cloud system associated withan approach- 50, Which of the following nighttime coastal
ing tropical storm is characteristic of which of the warning displays indicates winds in excess of

following frontal system’s cloud distribution? 48 knots? - ‘4 ,
A, Upper warm front A, Two red lights
B. Cold-type occlusion B. A red light over a white light .
‘C. Cold front A : . C. A white light over a red light
-D, Warm front D, A red light.between two white lights

- -




LESSON 7

* SURFACE WEATHER AND PHYSICAL OCEANOGRAPHIC
OBSERVATIONAL EQUIPMENT AND INSTRUMENTS

- - ~FIRSTFASSIGNMENT

In Pamphlet No, 463 read from page 1 to
Wind Measuring Instruments on page 15 and
answer questions 1 through 14.

1. ""The metal back on which a standard air
. thermometer is mounted should be cleaned with

PR
.

an ivory. black and oil mixture
an alcohol cleaning agent

" any abrasive cléaning dgent

. a-bicarbonate of soda solution ~

2. A mercury air thermometer becomes ineffec-
tive as temperatures approach .-

Lot '29.F
B, -35°F
. =39°F
. =45°F

3. The thermometers of a hand electric psychro-

meter (ML~450A/UM) have a temperature range
of . . :

140°F
120°F
100°F

80°F

A.

£:

D,

3

%., You are using a hand electric psychrometer
and notice that the mercury column of the wet-
bulb thermometer has separated, Which of the

following actions should .you perform FIRST

to correct this situation? ,

Replace both thermometers

Replace the wet-bulb thermometer only
Heat the thermometer bulb with a lighted
electric light bulb .

Mount the wet~bulb thermometer on a
sling and spin the thermometer

3

o

5. From the list bélow, what mightcause failure
of the-variable {llumination characteristic of a
hand electric psychrometer if the fan motor
is operating properly?

Defeétive illuminating lamp
Defective battery cells
Defective rheostat-switch

;.
2.

Y

.

. 1lonly
lor2
lor3d
1, 2,0r3

-

What does the term ‘‘aneroid’’ mean?

" A~ Without liquid
B. Without air >
C. Pressure
D, Airborne

7. A pressure reading obtained from ananercid
barometer must be corrected for .

+ instrument error
- temperature change
« gravity change ~
latitude error

8. On an ¢pen~scale barograph. sudden move-
ment of the pen arm due to any jar or shock
is ininlmized or prevented by the ~ : .

A, current pressure adjustment
B.. pen shock lever

C. rocker arms

D, dashpots

‘2

9. The clock of an opep-scale barograph should
normally be wound eve .

A, ejght days
B. four days '
C. other day
D, day




10. To remove dried ink from the pen section
- of an open-scale barograph, you should soak
the pen in ) .

A,
B.
C.

. D.

double-distilled water

a bicarbonate of soda-solution

an alcohol and clock oil solution

the ink normally used in the pen - *-.

11, On a marine barograph, a temperature com-
pensation device is located in the_
assembly,

Ao
Bo
C.
Do

\

element .

pen shaft .
chart drive
antibacklash gear

12, The™ cistern and the vertical glass tube
of a Fortin barometer are joined by a .

A. molded glass flare

B. piece of brass tubing

€. plece of soft kid leagther .

D,. specially configured glass bowl .

13, Without mterpolation, the staﬁonary scale
of a Fortinbarometer indicates pressure readings
to the nearest inch,

A, 0,100
B. 0.050
C. 0,005
D, 0,002

"

14, What is the basic difference betweena Fortin
and a Tonnelot barometer?

A, The attached thermometer
. The adjustable vernier -

. The cistern assembly )
. The mercury tube t

oDOw

SECOND ASSIGNMENT

In Pamphlet No, 463 readfrom Wind Measur-
ing Instruments on page 15 through page 38 and
answer questions 15 through 27,

15. The wind speed indicator-of a wind measuring
set (AN/UMQ-5) isa/an graduated
in-knots, v

A, wattmeter
. Voltmeter
. ‘ochmmeter
. ammeter

vow

~

21,

16. Ink pen§jof the recorder (RD-108/UMQ-5)
are fed by , -

capillary action

a pressurized cylinder
,ambient pressure

.vacuum control T

17.5 Under normal operating conditions,how often
should) ‘thie~chart-paper on the AN/’UMQ 5 wind
recorder be changed? ) k2

A.
B..

.
D;l

Weekly
Every ten days
Twice monthly
Monthly

18, Which .of the following components of a
wind measuring set (AN/PMQ-3) require(s) peri-
odic lubrication? - K

1. Wind speed transmitter
2, Trigger assembly
3. Mounting hub

. 3only
« 2and3
. land2
. 1 only

oDOw>

19, I the measuring tube of araingage (ML~217)
were filled to the half-full mark, what would be
the amount of precipitation present in the tube?

. ‘z
.00 inches

A, 2
_ 0,50 inch
0
0

. B.
Co
Do

.20 inch
.05 inch
20. How aften. should winch controls be tested?
Before each watch
Befor® each operation
On a daily basis

On a weekly basis

Ao
B,
C.
Do

What are the three basié parts of a wire rope?

. Core -
. Fiber

Strand

. Wire. .

. 1,2,and3
. 1;,2,and 4
1,3, and 4
. 2,3,and 4

DowW>

| e

45




22, The process of gatvanlzing wire rope will
the rope’s streng‘th.

. halve -
double
increase
, decrease

»

«
DaQw >

~

23, 1If the wires in the strands, as well as the

- strands in the- rope itself are both laid to the
" right, the wire rope layis termed ** ] R

" A, right lang lay ST o
"B, right Tegular lay © .. s L
C. leftreverselay ' ™" "--: .- A
D. right reverselay .- - —.. -7

A= B o

. 24,. Most new installatlons of oceanographic wire

are of the fype constriction, * -
A, 3x16 '
.B, 3x19 _
C. 7x16
D, 7x19 . -

25, Which of the following methods should be
used to overwind right lay wire rope on a drum
and to underwind right lay wire rope on a drum,
respectively?

1, Left to right
2, Rightto left

A, land1l
B. land?2
C. 2and1
D, 2and?2

26, Experience has shown that the relationship
of the diameter of a sheave to the diameter/of

_the wire rope used 'should be a MINIM[M

+of . . .

. 32to1l
. 20to1
10to 1 N
., 2to1l

27. What are the three basic p&m/da wire ’

- rope clip?
1, Crossbar
2, U-bolt s
3. Roddle
- , 4. Nut
A, 1,2 and3 ' o
B, 1,2,and4 7
C. 1,3, and4
D. 2,3, and4 )
-+ THIRD ASSIGNMENT

" ' In Pamphlet No, 463 read from page 39 to
Mechanical Bathythermograph (BT) on.page 50
and answer questions 28 through 36,

28, "Under normal operating condltions how often
should a meter wheel be disassembled . and
inspected for internal wear? -

A, After each cruise . ’ .
" B, Monthly .-
-- €~ Quarterly - - e m s e
D, Annually

29, During oceanographic observations, which of
the following operational characteristics should
a good safety program provide?
1, Safe operation
2, Rapid operation
, 3. Proficient operation

. 1 only

. land2
. land 3
. 2and3

oaQw»

30, Safety instructions covering géeahographic

programs may be issued at which of the following
levels of command?

Commandant

Area commander
District commander
. Unit commander

.h.wtob-'

A, 1 and'2 only

B, -1 and 4 only .
C. 1,2, and 4 only
D, 1,2,73, and 4




EY

31. What is the PRIMARY purpose for the re-
versing action of a Nansen bottle?

To alléw gathering of samples at great
depths

To obtain an uncontaminated sample
To isolate samples for axygen analysis
To gather. samples in arctic regions

32, When the RMS~12 sampler is used, the power
té the STD Measuring System is interrupted for
about __ . seconds, o

A, §
. 20.
. 45
. 60 -

33. Which of the following sea water temperature
readings ig MOST commonly observed?

A, Thermistor chain
. Bathythermograph
. Nansen
. Bucket

34, Of the following temperature measuring in-
struments, which gives the LEAST repredentative
data of a water column’s in situ temperature?

Expendable bathythermograph
Mechanical bathythermograph
Deep-sea reversing thermometer
Sauni’cy-temperat\‘re-depth system

35. At what point on a deep-sea reversing ther-
mometer does the mercury in the main stem
separate?

A, Pig-tail

B. Reservoir

C. Auxiliary bulb

D, Appendix dead arm -

36, What component of a deep-sea reversing
thermometer is subject to damage if the thermom-~
efer is stored improperly at very low ambient
temperatures?

A.
Bo
C.
D.

Auxiliary thermometer
Break-off point *
Reservoir

Pig-tail

FOURTH ASSIGNMENT

In Pamphlet No, 463 read from Mechanical °
Bathythermograph (BT) on page 50 to Bottom
Samplers on page 72 and answer questions 37
through 50

37. On a mechanical BT, the recording stylus
is part of the .

A,
B,
C.
D,

helical spring
Bourdon tube
piston head
bellows

38. An indication, of a mzchanical BT’s depth )
range is stamped on the of the
instrument,

. A.
B.
C.
Do

nosepiece
moveable sleeve
body tube
tail fin

39, The temperature sensing element of an XBT
isa .

A.
Bo
C.
D.

capacitor
thermistor
copper coil
Bourdon tube

40, A 1,500-foot XBT probe’s deployment cycle
time is seconds,

120
90
60
30

A,
B,
C.
D,

41, What is the power source for a BTS (AN/
SSQ-36)7 .

A temperature differential activated bat-
tery

A time delayed dry-cell battery

A pressure activated battery

A water -activated battery

42, The signal converter electronics of an STD
system requires a power supply.

28 VDC Y &
115 VAC

150 ma

230 ma

Ao
Bo
co
D,




43, Which of the following components of a
9040 STD contain(s) a Paraloc oscillator?

1, Temperature
2, Salinity

- -3 Mixer-
4, Depth

. 3 only

1 and 2 only

. 1,2, and 4 only
1, 2,3, and 4

44. What component of ‘the 9040 STD system’s
.. deck equipment amplifies the FM signal received
from/{hs«underwater unit?

Discriminator .- .-
Bandpass filter . N
Distribution amplifier

- Preamplifier circuit

o . A1
R -

. C.

Do

< 45, The temperature range of the 9040 STD
system is accurate frém .

-2’C‘ to +36°C
-2°C to +39°C

A,
B.
e “‘C."
D,” -10°C to +40°C °
46, Which of the following electronic components
of the 9040 STD system is considered as part
“of the underwater unit’s lower electronics?

P ' ¢

Mixer

. Balance amplifier

Opérational amplifier

Second order temperature compensation .

oW

~10"Cto#36°C - - - S

47 The constant current required to activate -
the mixer of a 9040 STD system is .

A, 115 VDC
B, 28VDC
C,. 150 ma

D, 28 ma .

48, If the temperature probes of a 9040 STD
system require cleaning, you should use

0
x
»

A, a diit;ted hydrochlaric acid solution
B, any commercial household detergent
" 'C. a bicarbonate of soda solution
D, trichlorethylené
49, Which of the following components of an STD ~

system’s plotter should be kept free of any
oil or oil spills?

Slidewire v
. Pen glide bars

Chart mechanism

. Manual chart drive

50. An STD system’s underwater unit that has
flooded should be rinsed immediately in distilled
witer followed by another rinse in .

A, alcohol.

. trichlorethylene

. hondetergent oil

. a weak hydrochloric acid soulution

oOw




LESSON 8

GEOLOGICAL AND BIOLOGICAL OCEANOGRAPHIC EQUIPMENT; UPPER AIR EQUIPMENT
AND INSTRUMENTS; COMMUNICATIONS EQUIPMENT; AND SPECIAL INSTRUMENTATION
FIRST ASSIGNMENT 5, Which of the followlngcomponents of a Boom~
_ ) - - erang corer can be reused after the float component
’ In Pamphlet No, 463 read from Bottom is retrieved? 5
~- ' Samplers on page 72 to Salinometer on page 85 .
and answer questions 1 through 6. - A, Nose piece

i B. Pilot weight
- C. Core catcher
B 1, Which of the followlng factors should you D, Ballast weight
esConsider when.selecting a bottom sampler? -
e 1, Nature of investigation 6. Which of the following bottom samplers have ‘
. 2. Bottom character _ ’ the capacity to collect.equal amounts of sample?
- S, 3. Water dépth ’
) . : A, Scoopfish and Van Veen
- A, 1,2,and3 ” B, Orange Peel and Van Veen
B, 1 and2only : T C. Clamshell and Orange Peel -
C. 2and3only ~ ° " . » D, Clamshell and Van Veen
. D. 2 only ' ' - . o .
2, The normal free~fall distance of a Phleger . . SECOND ASSIGNMENT Y

corer. is feet, -

- . N In Pamphlet No. 463 read from Salinometer -

g' ;g ) : o on page 85 to Sampling Nets on page 99 and
C. 28 answer questions 7 through 16,
[ 4
- D. ,36 v 7. What power supply is required for the opera~-
o tion of a Model 6220 salinometer? .
'3, Which of the following "corers presently
in use is designed to obtain the LONGEST A. 115 VAC only :
bottom sample? B. 230 VAC only
C. 1150r 230 Vv .
. - A, Ewing . D. 115wend 230 VAC , -
o g: i:ﬁx::; :nrgg , 8. Copenhagen Standard Sea Water represeats
D. Hydro-plastic . ‘ aknown_____ value,
R A, salinity
4, Which of the following corers may be used B. chlorinity '
as piston~type corers?. C. conductivity
. ’ . D, standardization
’ 1, Boomerang ) ;
2, Kullenberg 9. The zero-adjust screw on the face of a Model
3. Phleger , 6220 salinometer is usedto adjust the .
4, PVC

R A, NULL/ TEMPERATURE INDICATOR
. land3 ) . needle ,
. CONDUCTIVITY RATIO dials
-, STANDARDIZE dials .
FILL CONTROL needle . ~ . :

powy
-0 L3 X3
585
2
Lo S ]
pow




o~ - ‘

10, What information about a water sample is

derived directly from a salinometer?

A. Salinity value

« Chlorinity value

. Conductivity ratio

, Standardization ratio

[wEeN )

11. Upon.securing after a ddy’s run of water
samples ‘on a salinometer, rinse.the sample cell
with . ' )

Tergitol solution

distilled water -
CopenhagenStandard Sea Water
any commercial cleaning agent *

i o

~

12, In a lab that is properly equipped for oxygen )

analysis, the GREATEST number of bottles on

hand have a ml capacity, '
A, 50 -
B, 100
C. 125 -
D, 250 -

-

13. For an axygen an;lysis prog'ran;, which of the
following. chemicals should be carried in the

. GREATEST quantity?

A, Alkaline fodide

B. Sodium thiosulfate
C. Manganous sulfate
D. Potassjum biiodate

14, The MOST serious accidents in a laboratory

area are a result of .
A, confined spacés
B. handling glassware
C. rough weather conditions
D. contact with strong chemicals

- 15, I you handle acid-dichromate, it is recom-

mended that you wear .

« A, safety goggles and rubber gloves
B.' safety goggles and a nose plug
C. rubber gloves and a rubber coat
D> safety goggles, a nose plug; and a rubber
" coat

N

o

16. Acid-dichromate is considered to be good
if it maintains a color,

A, greenish

B, pilky white
C.- light yellow
D, dark brown

o,
THIRD ASSIGNMENT

In Pamphlet No, 463 read from Sampling .
Nets on page 99 through page 118 and answer
questions 17 through 23, -

17, What criterion is used for selecting the mesh
size for a biological sampling net?

A, The depth of sampling

B, The time period of sampling

C. The type of sample desired

D. The place where the sample is sought

18, Normally, what portion of a midwater trawl
is the first to enter the water?

A, Depressor
B, Cod end

C. Net bridle
D. Net mouth

19. Of PRIME importance to a shiptowing amid- .

water trawl is the , .

A, mesh of net ¥
B. speed of tow , '
C. depth of tow.

D, depth of water

20. In an area where counter currents exist,
the path of a drogue current measuring array
will génerally represent the flow of the ! .

A, general water mass

B, strongest subsurface current
C. strongest surface current
D. internal waves,

. ] !
21, The GEK current measuring device measures

current.
A, net ) -
B, tidal
C. bottom
D, surface

5




22, Which of the following components are sub-
assemblies-of a sonar pinger?

1. Driver

. Receiver:
Transduter’

. Pulse transformer

. 1
. 1
. 1’

2

oaQw

23. How often, if ever, ;ioes the sonar pinger
skip a pulse for directandindirect ping matching

A, Every other minute )
. Evety 10th second

. Every 30th second .

» The pinger never skips a pulse

ogaw

FOURTH ASSIGNMENT

In Pamphlet No, 463 read from page 119"
through page 137 and answer questions 24 through

21, Which of the following gases is harmful to
balloons made of neoprene?

A.’
B.
co

Y

D.

Argon

Ozone
Nitrogen
Carbon dioxide

25. Which of the following balloons can beblack?

1. 10-gram ceiling
2, 100-gram pilot .
3. 300-gram r%cuoson'de
A, 1,2, and3
B, 1 and 2 only
C. 2only
~ D. 1 only

w v . 1;’@
26. Which of the following balloons should be
conditioned prior to use?

v

1, 10-gram neoprene
: 2. 100-gram neoprene
3, 600-gram latex
A, 1,2,and 3
B, 1 and 2 only
C. 2only .
° D, 3only - .

b)) " /713
-27, Grade D helium bottles are ndrmally identi-
fied by which of the Yollowing characteristics?

Orange body with gray stripe - . )
Orange colored cap and buff body .
Buff colored cap and gray body .

Left-hand threads on the valve outlet

A,
B,
C.
D.

28, Which of the following precautions should
you observe when you are transporting helium
bottles? ) .

A,
B.
C.
D,

Remove the regulator "

Remove the discharge valve )
Move ' the cylinders in cradles only

Transport the bottles on carts énly

28, The recommended inflation pressure'for

upper-air balloons is . psi, .
* A, 200 ’ .
' B, 110

C. 43

¢D. 20

30. The protractor of a meteorological plotting
board is secured in such a way as to allow

rotation-in .

range

azimuth ’
elevation

direction

Ao
B.
C.
D,

31, Which of the following illumination lamps .
of a shore-type theodolite is/are controlied by
a rheostat? .

. Elevation scale

Azimuth scale

Crosshairs

« 1,2,and3 -

. 1and 2 only .

2 and 3 only .
0 30111}’ (]

32, Before the “évaporation tray of a humidity ;
chamber is filled with a solution of sodium
chloride and water, the interior of the tray should -

be coated with .

alcohol . D -
face soap

petroleum jelly

light machine oil

Ao
Bo
co
D.




33, Which of the following batteries used with
upper-air equipment is/are water-activiated?

1. BA-292/AM
N 2, BA-353/AM -
3. BA-380/AM .

. 1,2,and 3

. 1 and 2 only
. 1lonly

. 2 and 3 only

34. Which of the following components is/are
included as part of an entire radiosonde in-

oOw>

strument? 1. Battery -
2, Radio transmitter
3 » 3. Barometric-pressure switch
A, 2 only
B, 2 and 3 only
C. 1 and 2 only
D, 1, 2,.and 3 : .

35, To adjust the pressure setting on a radio-
sonde, use the . .

‘A, audio tuning slug

«xB, filament switch ]
C. detent wheel :
D, baroswitch

'
v

36. Which of the follawing signals is/are received
fromté radiosonde? - . .

1, Temperature ,
2, Pressure
3. Dew point

1 only
land20nly
. 1and3 only
. 1,2,and 3

DaOQwW>» .

-

--37. Which of the following switches is located on
. the power supply component of an AN/SMQ-1?

A, Chart illumination
B, Signal selector

C. Chart drive

D. Heater

38, Which of the following power’swupplies is
required to operate a Radiosonde Receptor,
*AN/SMQ-17 . - .

A, 115 VAC

.Bs 230 VAC

C. 115 o0r 230 VAC

D.” 115 and 230 VAC - v

v

i

39, Which of the following sections is NOT an
integral part of the receiver section of an
AN/SMQ-1? - .

A, Detector

B. Discriminator

C. TFrequency meter

D. .Half-wave dipole antenna

40, A Radiosonde Receptor, AN/SMQ-1, may be
calibrated by using a .

A, voltmeter

. signal generator .
circular computer
frequency counter

oW

FIFTH ASSIGNMENT

In Pamphlet No, 463 read from page 139
through page 154 and answer questions41 through
50.

41, Why is the model 28 teletypewriter preferred
over older models for use aboard ship?

" A. It is shockproof
B, Itis vibration free
C. It requ.res less maintenance
D. Space requirements are no longer critical

42, A model 28 teletypewriter is adjusted to

handle characters per line,
A, 59 .
B, 64
C. 69 , )
D. 74 » ,

43. A weather keyboard ‘on a teletypewriter has
a ‘4 symbql in the uppercase position of the
letter’ . .

oW
N»2ZR
’

44, On the model 28 teletypewriter, which of the .
following keys can lock a local machine’s keyboard?

1, BLANK
2. BREAK
3. KBD LOCK

A. 3only - , ' »
2 and 3 only .
1 and 3 only’ -

¢

écD 1,2,and 3




45. In what relative position of a type box
are the lowercase characters located?

.r

48. On an Alden facsimile recorder, what com-
pensates for all normal line level variations?

Left side

Ao

B. Right side

C.  Bottom half .
D, Top haif

~

164 What type of solution, if any, is recommended
for proper clearting of a type box?,

Any comimercial type cleaner

Ao
B. Trichlorethylene
C. Alcohol -
D. None
L, )

17, What is the shelf storage life of the chemically
treated . paper used with the Alden facsimile.
recorder?

An indefinite period
Three years

Six months

Three months ~

OOw s

A, White level contral

B, Signal level switch

C. Signal monitor switch
D. Automatic gain control

49, On early NOMADbuoys, which of the following
observed parameters determined the frequex.?cv’ of
observation transmission?

Ac Wind-velocity .

B. Temperature variation
C. Moisture concentration -
D. Wave height distribution

50. Station magnetic orientation is an observed -
parameter transmitted by which of the following
automated weather stations?

1. TRANSOBUOY, AN/WMT-1
2. NOMAD, AN/SMT-1-
: 3. PAWS, AN/GMT-4

1, 2, and 3
1 and 2 only
2 and 3 only
. 3 only

-

Dowm»




FIRST ASSIGNMENT

- In Pamphlet No.-464 read from page 1 to
Observations of Visibility on p&ge\Q and’ answer
questions 1. through 14,

” 1. _When the dry-bulb and the dew-point: tem-~
peratures «are the same,

be . .
- . A, mixing ' >
B. ambient ’ ..
C. saturated
. D, in equilibrium

2, How many minutes. before ventilation must
the bulb of a wet-bulb thermometer be moistened
if the qu,b/température fa¥34.‘1~‘ ?

B. 10 .
C. 15 o
D. 20 - ‘

3. - To obtain the best results when using the
sling psychrometer, whirl the psychrometer to

 produce an air flow of not less than feet
per second,

A, 30 . ' : .
B. 25
C. 20 . < e .
D.. 15
4. Which of the following wind speeds meets
the critena for reporting a wind gust? )
A, Lulls of 4 kts with.peaks to 13 kts
*B.* Luls of 9 ks with peaks to 19 kts
C. Lulls of 10 kts with peaks to 15 kfs
D, Lulls of 16 kts with peaks' to 24 kts
5. A wind shift, regardless of the magnitude,
w1u alwaysbereportedif associated with a o

. LESSONS . -

the air is said to -

"~ 10, Ifa oloud layer covers 0.6 of the sky and 0.3

A
i 8 s e e}

’
¢ - o .

-,

6. What barometer shoz/ d you normally use for
observing pressure when taking a surface obser-
vation?

A, Microbarograph .
B. .Fortin mercurial

C. Tonnelot mercurial
D, Precision aneroid

7. If a ship’s barometer is located 37 feet above
the loadline,.what correction must be applied
to determine sea level pressure?

A, +14 mb ‘
B, +1,40imr . \
C. ~14 mb
D, -1.40in

8. A trace of precipitation is less than
of an inch, -
A, 0.01
B. 0.05
C. 0.001
D. 0.005

9. What is a cloud layer termed when a blue

8ky or higher clouds can be seen through the
layer? \

A, Opaque

B. Transparent

C. Thin -
D, Partially obscured

is classified as opaque, the layer is termed

s
‘v

A, - transparent sky cover
B, opaque sky tover
C. thin sky cover

A. sea breeze

B, foehn wind

C, thunderstorm
D. frontal passage

Y

D. a ceiling S .
11, A variable celling"s helght cannot exceed
feet,
A, 100 "
B. 500
C. 1,000 °
D, 3,000




- v Y . -

12, What is the tenths of sky cover if a layer
extends from the horizon to 76 degrees above
the horizon?
A, 0.3
- B, 04 ]
C. 0.5 *
D. 0.8

13. The height value of a layer of elouds at
11,150 feet
and ceiling) as .

. 111
. 112
. 120

oQw

14, What color balloon is preferable to obta.in
the height of a thin cloud layer?

A. Red ' ’ .
B. Black - .

C. White'

D, Natural .

-

i

“," SECOND ASSIGNMENT

In Pamphlet No, 464. read from Observations
of Visibility on page 9 to General Obsgervation
Procedures on page 16 and answer questions 15
through 24, -

15, If a shipboard observer’s eyes are 35 feet
above the water surface, how many miles away
is the horizon?

" A, 6.8 N
+ "B, 7.1
C. 13.1
‘ 14,0

/ .

16, In order for visibjlity to be termed variable,
it must rapidly increase and decrease by one or
_more tabular values and be less than
mile(s). - . )

. A, 1/2
B. 5/8
C. 1
D, 38

Id be entered in column 6 (sl-:y

P
A3

17, The intensity of which of the following types
of precipitation is determined by visibility?

‘A, Hail

B. Rain
C. Snow
D. Sleet

18, Which of the following is classified as a
lithometeor?

A, Fog
B. Dew

C. Haze

D, Drizzle

19, If snow reduces visibility to 1/2 mile, the

precipitation intensity is .
- )

A, heavy . P
B.~>»moderate

C. light-

D, slight

20, When will the true wind speedbe greater than

the apparent wind speed when you comp\}te true

© wind at sea?

.M =74
side as the

3

A, When the ship is hove to

When the apparent wind is on the same
. wind~

C. When the apparent wingd is forward of

the beam
D, When the apparent wind Is aft of the beam
& .

21, How often should the muslin wick on a
psychrometer aboard.ship be changed?

A, Dalily
. B. Weekly
. C,._ Semimonthly
D, Monthly
\ ~
22, When, if ever, is it unnecessary to whirl the

s'ling psychrometer when making a shipboard
observation?

A. When dry-bulb temperamre is above

. 82°F. .

B. When precipitation is occurring

C. When the apparent wind speed .is 9 kts
or more

D, It must always be whirled




N

23. When you take a surface weather observation,
what method is preferred for obtaining sea water
. surface temperatures? -

Bathythérmograph-,
Condensor intake
Bucket )

Do Injector

-

.

’

24, JIn order for swell to be recorded during a
shipboard surface observation, the swell direction
must differ from the wind wave direction by at
least, . degrees,
’ At ]
30
45
60
75

“

: I
THIRD ASSIGNMENT

In Pamphlet No. 464 read from General

Obseryation Procedures on page 16 through page
- 28 and answer questions .25-through 37,

/

25, Which of the below definitions defines the
actual time of & surface weathér observation?
A. The time the wind is observed
B, The time the last element is observed
C. The time the observation is started
Ds The time the observation is disseminated

-26,, When taking a surface weather observation

during unchanging conditions, which of thefollow- _

ing elements should you evaluate first?

A, Wind
B.” Precipitation

-~ -~ C. Altimeter setting
D, Sea level pressure

27, What is the synoptic code form used for marine
surface observations? .
A, FM 21,.D
B. FM22,p
C. FM 23.,D
D, FM 26.D
1

28, Whlch of the following ceiling desiggators is
considered the most reliable?

B

;

E
M.
W

29. How would 0.6 of opaque clouds estimated
to be at a height of 500 feet be entered in column

6 (sky and ceiling)?
ESQ o0 (ID
5@

». . E500

30. How would 0.2 of opague clouds at 1,000
feet be entered {n column 6 (sky and ceiling)? °

A 100 c.1000=-0Q
10-0 0. 1000 ®.

31, How are heavy thunder and light rain showers
occurring at the time of an observation entered
in column 8 (weather and obstructions to vision)?

A, TRW-
B. T+R- _

Y

- C. TR~

[}

D, - T+RW-

32, How is very light rain and fog occurring
at the time of an observation entered in column
8 (weather and obstructions to vision)?

A, 'R-F
B. FR-~
C. FR--
D. Re-F

33. How would 1013,2 mb be entered in cojumn
9 (sea level pressure) of MF1-117

A, 13.2
B, 132
C. 1013.2
D, 10132

3'4. What entry, if any, is made in column 12
{wind. direction) of MF1-11 for a calm wind?

A, CALM

o 00 '
. No entry i3 made




-

2

REFER TO FIGURE 6 OFTHE TEXT IN ANSWER-
ING ITEMS 35 THROUGH 37

35. When was the lowest pressure of the day
observed?

0000 LST
0000 GMT

0800 LST.

0800 GMT -

36. What is the sea level pressure recorded in
the 0300 observation? .

A, 1014.5 mb
B. 996.0 mb
C. 3145in

29.96 in

. D.

37. What is the sea/alr temperatnre difference
encoded for the 0300 observation?

A. 1.5°F
. L5°C
. L7°F
. 1,7°C .

oOQw

FOURTH ASSIGNMENT

In Pamphlet No, 464 read from page 29 through
57 and answer questions 38 through 50,

38, Which of the following indicators indicates
a ship’s synoptic report in reduced form?

Ao
B.
c.
D.

SHIP .
SPESH
SHRED
SPCLI

39, The symbolic figure group that indicates that

an <analysis message follows is .

‘A,
B.
.C.
D.

10001
11111
19991 . '
65556

40. Which of the below symbolic letters mdlcates

air temperature in whole degrees Celsius at the .

~tropopause level?

A, TtTe C. TT

B. tptr D, tt

41, An observer on an icebreaker enroute to the
Antarctic by way of South America would be
operating in WMO region - .

42, For complete information on all weather codes
used in WMO region VI, consult which of the
following publications? -

A. FMH #2, Synoptic Code Manual
B. Aerographer’s Mate 3 and 2
C. Aer grapher s Mate 1 and C
D. N. O, 118, Radio Weather Aids

43, Which of' the fotlowing groups should you
always encode when encoding the land station
synoptic code?

dwdwPwHyHy

99ppp

C.

A, 7RRjjl

B. D. Nddff

44, Which of the following plain language words
can be used at the end of a land station synoptic
report?

ICE
DUST

HAIL
LIGHTNING

45. If the pressure tendency and the direction
and speed that the ship has made good in the
past three hours are not reported in the synoptic
code, how are they indicated inthe ship’s synoptic
report?

30 i added to the time of the observation
60 is added to the time of the observation
Dgvg is omitted from the report -

vgapp is omitted from the

A,
B.
C.
D. The group Dgv
Teport
46, Which of the below indicates that a ship’s
upper wind code follows?

TT
A

PILOT SHIP

. PILOT’ ,




47, Which of the following symbolic letters in-
dicates that Part ‘A" of the radiosonde code
follows?

A, TT
B. YY
C. GG
D. Ww

48, How is a wind velocity of 48 knots plotted
on a surface synoptic chart?

51

50

49, When plotting a surface synoptic chart, you
should plot the pressure in the quadrant,

A

A, NW
B, SW
C. SE
D, NE

50. Which of the following messages contain(s)
information of fallout data?

1. UF
2, RADFO
3. UA 1

1and 2
1and3
1 only
2 only

powp




LESSON 10

ICE AND BATHYTHERMOGRAPH OBSERVATIONS; NANSEN AND STD CASTS;
AND SAFETY PROCEDURES FOR OCEANOGRAPHIC OBSERVATIONS

Nus

FIRST ASSIGNMENT

In Pamphlet’ No, 464 read from page 59
through page 71 and answer questions:1 through 8.

1. The size of a growler approximates the size
of a .

=

A, volleyball court
B, city block

C. small cottage
D. piano

2, Which of the - following approximates the
size of a medium floe?

- Alrcraft carrier
Golf course
Small city

. City block

oow>

3. ‘‘Close pack’’ describes how 'many oktas
of ice coverage?

A, Two

B, Four ’ . -~
C. Six
D. Eight Y

4. Any sea ice attached tothe shore by stranding
or by other means is called ice,

A, .glacier
. field”

. close

., fast

gow

5. The term “spot,” as used in the ice code
refers to a circular area with a radius of .

A, 1nm,
. 2nm,
. lkm,:
., 2 km,

oow

6. A special ice observation must bhe taken
when there is a change of at least in
concentration, .

A, 1/8
B, 2/8
c, 3/8
D, 4/8

7. Which of the following symbolic letters
indicate first~year fce over 120 cm, thick?

A, VF
B. FT
C. GF
D, FL

8, How is ‘a lead indicated on an ice plot?

SECOND ASSIGNMENT .

In Pamphlet No, 464 read from page 73
through page 88 and answer questions 9 through 15,
9., When commencing a mechanlcalhT observa-
tion, hold the BT just undér the surface of the
water for 30 seconds in order to .

A, check cable fittings
B, ascertain whether the ship is notturning
~C, check winch operation
D. bring the instrument to water tem-
perature -

10, What lnforfzxatlon must be recorded on the

BT slide?

A, Slide number,; date, BT serial number

B, Time, date, BT serial number

C, Slide number, time, date, BT serial
number

D, Slide number, time, date

'




11, What is the allowable error for depth on a
mechanica% BT observation?

A, 21t )
. 3ft

4 g,

12, During a high sea condition. at what point,
if any, should an XBT probe be released?

A, At the bottom of a wave crest

. Between wave crests

. At the top of a wave crest

. The probe should not be released

Dow

‘13, What code figures can be used to indicate
that no sea surface reference temperature is en~
coded for a BT obsérvation? .

A, 1l or 22

B, 33 or4

C. 66or77 .
D. 98 or 99

L
e

14, When must you include the group 999NN in
a BAXBT message?

A. When terminating the message

. When you consider the information doubt~

ful,

When recording depth increments of

1,000 feet ) .

. When the sea surface reference tempera-
ture exceeds 3°F,

kO W

15. In what units of measurements are the

temperature and depth readings in the BATHY

message in figure 41 expressed?

A. 0,1°F and feet
,Be 041°C and feet
C. 0.1°C and meters
D, 0,1°F and-meters

THIRD ASSIGNMENT

In Pamphlet No, 464 read from page 89
through page 108 and answer questions 16 through
31,

-~

messenger to reach 1,950 meters?

52

16. In cold .temperatures, how long should the
winch be warmed prior to commencing 2 Nansen
cast? .

A. 10 minutes
B. 15 minutes
C. 30 minutes
D, 60 minutes

17, Who performs the last check on Nansen
bottles before they are lowered into .the water?

A, Oceanographic supervisor
. Platform man

Winch operator

Bottle passer

Do

18, What must be done when the cable of a
shallow Nansen cast has been lowered -past a
planned depth?

A, The cable must be raised to the planned
depth and the bottle hung

B, The bottle must be left off, and thi
fact that the bottle was not hung mus
be noted in the -oceanographic logbook

- C, The bottle must be hung at the depth to
which the cable has heen lowered, and
this depth must be entered in the ocean-
- ographic loghook
D. The cast must be aborted

19,. How many minutes must be allowed for a .

A, 12

B. 13
C. 14
D, 15

20, What must be done if a pre-trip of more than
one bottle occurs during a Nansen cast?

1. The hottles in question must be
disregarded
2, The cast must be retaken
3. The bottle numbers must be noted
* in the remarks section of the log
and temperature message

A, 1lonly
B, 2only
C., land3
D, 2and3




21, What is the proper procedure for drawing

salinity samples?

A, Rinse bottle twice, rinse stopper, fill
bottle to shoulder

B. Rinse bottle once, rinse stopper, fill
bottle-to overflowing

C. Ringe bottle once, rinse stopper, fill
bottle to shoulder

D, e bottle twice, rinse stopper, fill
ottle to overflowing . :

22, How long should salinity samples be allowed
to come to equilibrium before a salinity analysis
can be run? =

3 hours
6 hours
12 hours
24 hours

23. What information does the winch operator
require from the winch card?

A, Actual wire angle
+ Estimated wire angle
+ Actual wire length
. Estimated wire length

24. How can }ou determine the
reading for. a particular bottle
Nansen cast?

eter wheel
a shallow

Pad

Add the wire length for the bottle to
the maximum wire length

Subtract the wire length for the bottle
from the minimum wire length |
Subtract the wire length for ‘the bottle
from the maximum wire length

Add the wire length for the bottle to the
minimum wire length ™

-

»

25. When the meter wheel countdr is being set,

what is: used as the reference for all of the -

Nansen bottles?

A. Surface of the water
. Platform’
» Oceanographic weight
. Last bottle of the cast

.Nans

53 -

26, What is the MAXIMUM allowable variance
for the wire-oug_ and wire-in meter readings?

A. 0 meter
B. 1 meter
C. 2 meters:
D. 3 meters

27. What is the most important restriction placed
on a deep Nansen cast?

A. The wire length mustnot exceed the depth
of the water
B. The wire angle must not exceed 15
degrees
C. The bottorh bottle must not be within
100 meters of the bottom, o
" D. The number of bottles placed on the cable
’ must not exceed 10

28, -‘The weather observation taken during a
Nansen cast should always be entered on the

. Weather page of the ship’s log
- Nansen salinity sheet

+ Nansen summary sheet

. Oceanographic Deck Log

29, When more than one Nansen cast is taken on
an ocean station, the last group of the ocean-
ographic message for the first cast will alwsys
be .

A. 11111
B, 19991
C. 55555
D. 99999 ~.

30, What is enteredfor missing data in the Nansen
temperature message?

A. Azero

B. A dash

C. The letter “M?
D. A slant bar

31, ?(alt are the symbolic letters that represent

n bott;e locgtion (wire length)?

A. BnBiB.B B
. DDDDD

DpDy DDy Dy
BBBBB




~EQURTH ASSIGNMENT

In Pamphlet No. 464 read from page 109
through page 118 and answer questions 32 through
44 .

32, What should an ocean-station vessel. do if
its STD system fails along a Standard Monitor-
ing Section? '

A, Replace the STD casts with BT obser-
"~ vations and Nansen casts . .
Replace the STD casts with only BT
observations
Replace the.STD casts with only Nansen
casts - ’ ‘
Discontinue oceanographic observations
and return to port

33. How many protected thermometers are used
in the surface quality control Nansen bottle?

A, 1

B, 2

C. 3 - -
D, 4 ~

. 34, What éetting. if any, is required for the pens
of the 9040 STD recorder before the fish ig
lowered? . .

A. Reset both t.he/p:ens to zero
B, Set the salinity pen 1 division above the
temperature pen )
C. Set the salinity pen 1 division below the
temperature-pen " ’
*D, No adjustment to the pens is required

35. On a 9040 STD system, the underwater unit
may be lowered through the thermocline at‘a
MAXIMUM speed of meters per minute,
A, 50 ’
B, 60
C. 70
80 ,

" 36, On an STD cast of 2,200 meters, the 1,500=
meler.QC bottle will be hung when the recorder

reads meters,
" A, 200
B. 700
C., 1,500
D, 2,200
‘ . 56

-
- 1

37. Which of the below depths {s NOT a standard
depth? . ) :

. %m
. 750 m
1,000 m
. 2,000 m

38. Temperature isreadfrom the ST '%écorder's
trace to the nearest . . . .

.A.
B,

0.001°C
0.01°C
C. o0,1°C

D, 10C

39, Which of the following deviations defines
a significant depth?

A, 0.1°C,

. 0.01°C,

. 0,001 %00
. 0,005 %00

vow

40. STD analog traces are submitted to .

A. *NAVOCEANO
. FNWF d
CcGou
. NODC

Dow

41, How often are Conductivity - Messages re-

. quired?

Each cast
Daily -
Every § days

D, Weekly '

‘42, The end-of-message indicator for an STD
Data Message is . ’

. 10001 ) -
19991 '

. 58555

. 99999

Daow >

43, What symbc;lic figures are used to recm;d
the sonic depth to the ocean’s bottom?,_ ., -

" A, sjsjsjsjsj

C. DDDDD

D- DyDyDEDEDy

B. BBBBB

.




P -

44, How often is the STD Quality Control Data
. Message sent? -

- A, Dally, after the last- cast of the day
Ty \ B, After each zast
C. Every 5 days
D, Weekly

FIFTH ASSIGNMENT

) In Pamphlet No, 464 read from page 119
. ~ through pagg 124 and answer questions 45 through
50. )

45, In what unit of measurement is the line
of the. Secchi disc maxjked?

A. - F eet - ’
B. Inches -
C. Centimeters- ’
D, Meters

How often are Secchi disc readings taken?

A. Every 6 hours
. Once daily
« Twice weekly

. Once weekly

oow

47, How far under the surface of the water must
the Secchi disc be when the Forel scale is being

~ used?

A, One meter.
B. Two meters
C. Three meters
D, Four meters

48, What is.ddhe to prevent a cast from striking
the platform?

A, The platform man fends off the cable
by using his leather arm guard
B. The winch operator stops the winch
. C. "The winch operator immediately lowers
the cast to its lowest depth
D, The platform man rigs a fender out-
board of the platform

49, Who determines the winch speed during the
STD cast?

A, Oceanographic supervisor

B. Recorder operator . ~
-C, Safety officer .

D, Platform man

50. Who directs the winch operator by use of
hand signals during Nansen casts? .

A, Oceanography officer .
B. Oceanographic supervisor

C. Safety dfficer

D, Platform man




> LESSON 1t

D’IA PROCESSING AND ANALYSIS

FIRST ASSIGNMENT 7. The direction of movement of surface pres-
‘ o sure systems and fronts depends upon the ___
In Pamphlet No. 465 read from page 1 through : . . )
.17 and answer questions 1 through 10, -

. A, wind flow at the surface
1. Winds can.blow across isobars over ocean B, topography .
areas at angles of as much as degrees, C. wind flow aloft
L. 20 - D, temperature field

30 z s
40
50 -

8. Which of the below charts would be drawn

for contour intervals of 120 meters?

. A, 300-mb

"B. 400-mb
C. 500-mb
D, .600-mb .

2, Which of the below pressure values would
be correct for an isocbar at 60 degrees north *
latitude? .

A. 1038 )
B, 1022 9. Lines of equal temperature drawn on anupper
C. 982 air chart are - e

. D, 976 < :

A .

oo A, isobars
3. When using the two-station method of analysis, B, isotherms
begin the analysis over . C. isallobars -

. ocedn areas with few reports D. 1isoheights . .

. land areas with many reports
~e OcCean areas with many reports
. land areas with few reports

10, Short dashed green lines drawn on an upper
air chart are . N

4. Which of the below cloud types will usually B. lsodeonotherms

be found 600 miles in advance of a warm front? . isotachs

Stratus . isoheights
Nimbostratus
Altostratus

Cirrostratus

.. SECOND ASSIGNMENT

5. The most important fact to consider when- '

starting a surface analysis the . In Pamphlet No, 465 read from page 18
* j . to Communications Systems on page 26 and

A, corrected past histo answer questions 11 through 17, .

B. location of fronts A ' :

C. location of pressure centers il. When drawing the “DP" curve onthe AROW-

D, wind field . ' AGRAM, indicate a stratum of missing data with

6. A line drawn on a surface chart as brown
dashes would indicate a line, .
. - . the letters ‘“MB?’ plotted in the center
. convergence Y of the stratum .
« shear * o the letter “M’’ plotted in the center
C. -ridge - - . of the stratum
trough a dashed.line
a wavy line




12, On an AROWAGRAM, one_degree of tem-
perature change is equivalent to a height change
of : feet,

A, 5,000
B. 1,500
C. 500
D; 150

" 13, Referring to figure 19, determine the height
of the freezing level.

A, 4,400 ft,
. 17,000 ft,
11,600 ft,

B
c.
D 12,300 ft.

14. Referring to'figure 19, determine the average
. mixing ratio used to determine the lifting conden-
sation level.

12,9

Y 13,04

14,0

. Do 1'4’-%3-

i ‘;

' 15, What 'should you'! use as the average mixing
ratio if athere is ‘4’.surface-based inversion?

: A, ';‘he average :of all dew points In the
’.l*j - first 100 millibars of the sounding

. 3‘3: B,  The. dew point from the top of the
& jnversion. .-
2w C, g Fhe' surfaeetdew point
“- D, The average of the dew points from the

COp and t&’e bottom of the inversion

\

16. What level is found by extending the average
mixing ratio line upwards until it intersects the
temperamre curve?

. A, Convective condensation level
- B, -Lifting condensation level

C. Level of free convection

D, Freezinglevel

17. Referring to figure 23, determine the height
of the 650-mb level,

e > -
[y

A. 11,500 ft.
B, 12,500 ft,
Lo C. 13,500 ft,
| D, 14,500 ft.

@

-

~THIRD ASSIGNMENT .

In Pamphlet No. 465 read from Communica-
tions Systems on page 26 through page 46 and
and answer questions 18 through 29.

18, Over which of the below teletype circuits
would aviation area forecasts be disseminated?

Comet 1 - -
Comet ITTA

Service A

Service C

A,
B.
Co
Do

19, What type of weather message is used to
fill in areas of sparse data on a synoptic weather
chart?

A,
B.
C.
D,

Recco reports {
Specials ' '
Airways

Pilot reports

20. In the radar message in table 3, the move-
ment of the area of echoes is from

degrees at knots, ) .
A, 160 .~ 12 . ..
B. 270 - 30
C. 316 ~ 30
D, 316 -~ 83

21, An area of related or similar echoes covering
less than 0,1 of the reportedareaisa/an .

fine line

scattered area

isolated echo

D, widely scattered area

22, In figure 31, what are the weather and
obstructions to vision forecasted for the period?

A.
B.
C.
v D,

Light rain, fog, and smoke

Light rain showers, fog, and smoke
Very light rain showers, fog, and smoke
Very light rain, fog, and smoke

23, In figure 33, what is the surface wind fore- .
cast after 0100Z?

* Less than 10 knots

180 degrees, 15 knots

330 degrees, 15 knots

330 degrees, 20 knots

A.
B.
C.
D,




24, In figure 33, what is the height (in feet) of
the lowest ceiling foreeasted for the period?

. A, 3400
B. 2500
C. 1500
D. 1000

25, Icing in clouds and in preocipitation would
appearonachartareaas . . .

A, ICICIP
B. ICGCIP
C.” ICGCP
D.” ICGICIP

26. If an area forecast states there will be few
thunderstorms, what will the areal coverage of
these thunderstorms be?

A, 15% or less of the area’
B. 16 to 30% of the area
C., 31 to 45% of the area
D. 46% or more of the area

27. In figure 37, what is the hejght of the freezing
level east of the front?

A, 10,000 feet ASL
B, 10,000 feet AGL
C

. 6,000 feet ASL ,
D. 6,000 feet AGL -

28, In figure 37, what is the maximum tops
forecasted for the entire period?

A, 18,000 feet ASL
B, 18,000 feet AGL
C. 20,000 feet ASL
D, 20,000 feet AGL

29, What would be the heading of a weather

message that contained a weather warning other
than a hurricane for the North Atlantic?
A. WHNA )
. WWNA
WHNT
WWNT

FOURTH ASSIGNMENT

In Pamphlet No, 465 read from page 48 through
page 63 and dnswer questions 30 through 39.

30. The portion of a weather depiction chart
enclosed by solid lines indicates areas with

either visibility below 3 miles or a ceiling less
than- feet,

. . 100
. 500
. 1,006
. 8,000

81, What is indicated when no visibility value is .
entered on a weather depiction station mod=1? =

A, Visibility data is missing
. Visibility is 7 miles or greater
« An error has been made in plotting
. Weather and obstructions to vision data
are mlssing

32. Which of the below symbols indicates an
overcast with breaks on a weather depiction

chart? «
< @

A. 0
N ».

33. If a station reported light rain, Hgﬁt snow,
and.fog, how would this be entered on a weather
depiction chart? ‘

R-S-
RS
RSF
R-S5-F

34. Which of the below symbols indicates solid
stratified echoes on a radar summary chart?

A.@ c.@ |
B, @ D.@' |

-
35. Moderate rainshowers increasing in intensity
would be indicated by which of the following sym-~
bols on a radar summary?

A, RW
B. R/+
C. Rw+
D, RW/+




~

36. In figure 44, the line of echoes located in
eastern Texas and western Louisiana is moving
east at knots,

20
25
30
35

37. In 'ﬂgure 44, the maximum tops of all
cloud echoes on the chart is . feet MSL,

A, 45,000
B. 40,000
C. 4,500
D. 4,600

38, How is an instability line indicated on a
facsimile chart?

39, Which of the below symbols indicates mod-
erate icing on a facsimile chart? )

C.

Ah
VT

FIFTH ASSIGN-MEﬂ_

In Pamphlet No, 465¢ read from page 65 to
Oxygen Analysis on page 72 and answer questions
40 through 48, :

40, The degree of conformity of a measure to
a standard or true value is the definition of

precision
accuracy »
sensitivity

- discrete measurement

41, What must be checked prior to apply®g power
to the salinometer?

Conductivity reads exactly zero

Standardization dial reads 5,000
Meter .sensitivity is within limits
Null indicator reads exactly zero

42, Why should the salinometer cell be rinsed
and drained several times prior to standardizing
the instrument?

A, To allowforcell temperature equilibrium

B. To check the quality of the Standard
Water

€. To test various functions of the instru-
ment

D. To familiarize the operator withcorrect

procedures

43, During standardization of the salinometer,
how many sample ream%must be obtained?

A, 2 AN
Bo

C. 4

Do

44, Which of the below would necessitate a new
standardization of the model 6220 salinometer?

A, Power cord is accidentally unplugged
B. Sample temperature differs by 2.4°C,
from standardization temperatures
C. Standard water conductivity ratiodiffers
from the standardization conductivity by
+0,00025

D, Standard water conductivity ratiodiffers
from the standardization conductivity by
--0,00025

45, What should you do to eliminate bubbles in
the salinometer cell?

A, Fill the cell rapidly

B. Use care not to shake the sample
C. Turn on the stirrer prior to filling the
D

cell

Shake the\umple vigorously ﬂrior to
filling the cell

46, How many samf:les, are run after standard-
ization before a Standard Water sample is run
as an unknown?

. 1

2
¥
4




47, Assume that the salinity value for the original
standardization is 35.012 /00 and that the first
Standard Water run as an unknown is 35.014 °/oo,
The correction for shear to be applied to the
fift salinity value is .

A,
B.
C.
D.

+.000
+,001
- ,001
- .002

48, Using the salinity values from question 47,
determine the shear correction to be applied
to the fourth salinity value,

A, -.001
. +.001
. - .002
. +.002

oOw

SIXTH ASIGNMENT

In Pamphlet No., 465 read from Oxygen
Analysis on page 72 to Processing Station Data
on page 82 and answer questions 49 through 55,

49, The white precipitate of manganous hydroxide
rapidly turns brown in. the presence of .
» A, sulfuric acid . )
. dissolved oxygen

. alkaline jodide

, sodium thiosulfate

oQw

50. What should you do with the droplet hanging
from the tip of a volumetric pipet after draining
the pipet?

Transfer the drop to the rest of the
liquid by touching it against the side
of the container

Wipe off the drop with a Chem-wipe
Immerse the tip into the liquid

Shake the pipet vigorously to drain

Ao

B-
Co
D,

51, The chemical reagent that is highly viscous

. .and slippery is .

A,
Bo
Co
D,

potassium biiodate
hydrochloric acid
alkaline iodide .
sodium thiosulfate

J U

63

521 After you have added s reagent to a sea
water sample and the precipitate has settled to
the bottom of the bottle, the sample should NOT

stand for more than " hour(s) before
acidification, :
A, 1/2
B. 1 .
C. 2 : B R
D, 3 :

53. How often is the sodium thiosulfate solution
standardized when ocean stations axe taken?

At the beginning of each station
. Once every other day
Every five days .

t:ltration the second end point
¥ ml of the first
end point. -

0.01
0,02
0,03
0.04

A,
B.

D, .
55 A rperiodic check of the quality of the oxygen
analysis reagent® is accomplishedby " .

A,
B,

making a blank detennination
standardizing the sodium thiosulfate solu-*
tion

computing the normality of the solution
checking the shelf life date of the chem-
icals

v C.
D,

SEVENTH ASSIGNMENT

In Pamphlet No, 465 read from Processing
Station Data on page 82 through page 95 and
and answer questions 56 through 60,

56. What is the advantage of processing ocdhn-
ographic data aboard ship instead of at a land
station?

It provides more stable conditions

It provides an immediate guide for.
future observations

There is more work space available
Quality control is easier to maintain

A,
B.

C.
Do

-




N\

1 .

v" * s ,: ’ A .
57, The calibration sheet of a reversing ther-

momqter “provides which of the below factors?

.V :
2. Q-factor
3, Om
A, '1land 2 -
B, land3 ° !
C. 1only -
D, 2only .

58. How can you determine acce;:ted depth from
the L~Z graph? R

A, Divide the wire length by the L-Z value
B. Multiply the L-Z yalue by the wire length
C. Subtract the L-Z value from the wire
D

length
Add the wire length to the L-Z value

-
AN
-
. :
3 .
[
.
k]

52
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64

. d N

59. In figure ‘58, what s the density value of ,

thé water at point 007
LN

. 15,56
. 247
. 274
, 335

-

4

oQm >

.

’

60. In figure 61, what is the current direction

118°* longitude?

A, NE-6
B. SW-6 .
C. NE-13 )
D. SW-13
-
+
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4
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" and veloeity i cm/sec at a point of 33° latitude,




MODIFICATIONS

M’ /3 Mé /2 of this publication has (have) been deleted in

adapting this material for inclusion in the "Trial Implementé)tion of a

Model System to Provide Military Curriculum Materials for Use in Vocational

and Technical Education.” Deleted material involves extensive use of

military formsg, procedures, systems, etc. and was not considered appropriate

for use in vocational and technical education.
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ALL U.'S, COAST GUARD INSTITUTE COURSES ARE NOW SELF-SCORING

»

Do Not Send Any Answer Sheets To The Institute

Use the enclosed answer. key to determine the correct answer to the questions
in your course book, study guide, or course pamphlet, THE LATEST REVISIONS
OF COURSE PAMPHLETS WILL-HAVE THE ANSWER KEY FOR THE PAMPHLET
IN°- THE BACK OF THE PAMPHLET, IF ANSWERS ARE PROVIDED IN THE PAM- )
PHLET, DISREGARD THE PART OF THIS KEY THAT COVERS THAT LESSON,

When you have completed all the lesson assignments and feel that you are ready for the end- *
of-course test ask your Educational Services Officer to send for your test, The test will not be .
sent from the Institute until the ESO requests it, THERE IS NO CHANGE IN THE REQUIREMENT
TO PASS THE CLOSED-BOOK END-OF-COURSE TEST. . -

The answer key has been arranged so that you may look up the answer to

any item without seeing the answer to-the next item at the same time, This

has been done so that you will get the greatest benefit from the self-scoring
. process, The chart below shows you how to read the answer key. ‘

. * REP, .

ITEM  LESSON  ANS, PAM PG,
1 1 . D 218 2
" 2 - A 312 243 .
Column 1 shows 3 B, .573 - 1 -
the item, 4. D 574 2 - >
.5 C 575 1
6 B 576 2
7 A 577 1
8 C 578 2
Column 4 lists
£ ’ the _pambhlet
Column 2 shows Column 3 lists number and 5
the lesson.number, the answers, lists the page
‘o ) number of the

reference. to ,
the question,




?
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INSTRUCTIONS FOR USING THE, LESSON ANSWER KEY °

. The answer key has been provided so that you will be able to know at
the end -of each lesson how well ‘you didon it. Read the text material, then
answer all the questions for the lesson, Check—the answer-key to-gee-if you — = o
did well enough to go to the next lesson, If you did not do-well enough, you
should review the text references for the items you missed, When you are
. sure of the correct’ answers, continue on to the next lesson, Use the table
below a8 a gutde to help you decide bow well you did on each lesson,

>
1 -

Number of items you answered CORRECTLY

Go to the ° Restudy the Restudy the -
next lesson }  items - entire lesson
you missed ) .

$8-100 70-87 less than 70"

79-90 . 63-78 less than 63

70-80 56-69 less thtnA{ -

P

62-70 to49-61 less than 49

53-60 - 42-52 less than 42

44-50 35-43 less than 35

35-40 28-34 less than 28

26-30 21-25 less than 21

17-20 \- 14-16 less than 14

NOTE: Before leginning the fi\st lesson/Teview the answer key to find the
-items which are marked by ‘X’ gms marked by ‘‘X’’ have been deleted
from the lesgon, You should not attempt to answer those questions, When all
items in a lesson have been marked by ‘X% you should not read the text material
for that lesson, Items_on. the-end-of-course test which are based on lessons
which have been'deleted will not be counted in your score on the end-of~-course
test, You will get credit on your score for any answer you select on those items,

- o Xy i
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- ' ' INTRODUCTION

!

You are on your way to advancement as a Marine Science Technician.
Most of you, if nbGt all of you, are graduates of MST ‘A’ School anti hdve
) a good working knowledge of your rate as a whole, In this course there will
‘ i -be areas of review as well as dreas of new material,

Y In this first pamphlet of your course, you will find a review of basics
that areé vital to the accomplishment of the varied tasks that you will encounter
both afloat and ashore, The pamphlet is constructed so that those of you who
may be hazy in math might dig a little deeper to find understanding in those
areas where you may feel weak, On the other hand, some of yolt will find that
you can breeze right through the math with minimum study. The purpose of
the lesson on math is to increase your understanding of basics and not to burden
you in the drudgery of problem solving.

Because of the complexity of physics, this pamphlet deals witlf the applica-
tion of physics rather than with the broad scope of physics, In most cases the
laws -of motion, force, and energy apply equally.well to both the’atmosphere
and, the hydrosphere. Even though the  atmosphere and the hydrosphere are
both fluids, this pamphlet deals with the application of physics to meteorology
in more detail than-to oceanography. At times, reference is made to the appli~-
cation of a law or theory in a controlied environment in order to produce ideas
that we, as Marine Science Technicians, might apply to the problems we en-
counter on a daily basis,

1

»
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NUMBER SYSTEMS

COUNTING

Counting is such a basic and natural process
that we rarely stop to think about'it. The proc-,
ess is based on the idea of ONE-TO-ONE COR-
RESPONDENCE, which is easily demonstrated
by using the fingers. When children count on
their fingers, they are placing each finger in
one-to-one correspondence with one of the ob-
jects being counted: Having outgrown finger
counting, we use numerals.

NUMERALS

Numerals are number symbols. One of the
simplest numeral systems is the Roman nu~
meral system, in which tally marks are used to
represent the objects being counted. Roman
numerals appear to be a refinement of the tally
method still in use today. By this method, one
makes short vertical marks until a total of four
is reached; when the fifth tally is counted, a
diagonal . mark is drawn through the first four
marks. Grouping by fives in this way is remi-
niscent of the Roman numeral system, in which
the multiples of five are represented by special
symbolg. .

«

A number may have many ‘‘names.” For ,
example, the number 6 may be indicated by any
of the following symbols: .9 - 3, 12/2,5 + 1, or _

x 3. The important’ thing to remember is that
a number is an idea; various symbols used to
indicate a number are merely different ways of
expressing the'same idea

POSITIVE WHOLE NUMBERS

The numbers which are used for counting in
our number system are sometimes called natu-
ral numbers. They are the positive whole num-~
hers, or to use the-more precise mathematical
term, positive INTEGERS. The Arabic numerals

-

from 0 through 9 are called digits, and an
integer may have any number of digits. For
example, 5, 32, and 7,049 are all integers. The
number of digits in an integer indicates its
rank; that is, whether it is ‘‘in the hundreds,’”’
“in the thousands,’’ etc. The idea of ranking
numbers in terms of tens, hundreds, thousands,
etc., i8 based on the PLACE VALUE concept.

PLACE VALUE

Although a system such as the Roman nu-
meral system is adequate for recording the
results of counting, it is too cumbersome for
purposes of calculation. Before arithmetic could
develop as we know it today, the following
two important concepts were needed as addi-
tions to the counting process:

1. The idea of 0 as a number.

2. Positional notation (place value).

Pogitional notation is a form of coding In
which the value of each digit of a number de-

" pends upon its position in relation to the other

digits of the number. The convention used in
our number system is that each digit has a—
higher place value than those digits to the right
of it~

The place value which corresponds toa given'
position in a number is determined by the BASE
of the number system. The base which is most

. »commonly used is ten, and the system with ten

as a base is cilled the decimal system (decem
is the Latin word for ten). Any number is as-

" sumed to be a base-ten number, unless some

other base is indicated. One exception to this
rule occurs when the subject of an entire dis~

—mrer

cussion is some base other than ten. For ex-

ample, in the discussion of binary (base two)
numbers later in this section, all numbers are
umed to be binary numbers unless some




other base is indicated. & -

DECIMAL SYSTEM

In the decimal system, each digit position in

a number has ten times the value of the position
adjacent to it on the right. For example, in the
number 11, the 1 on the left is said to be in the
““tens place,” and its value is 10 times as great
as that of the 1 on the right. The 1 on the right
is said to be in the ‘‘units place,” with the un-

derstanding that the term ‘‘unit’’ in our system

refers to the numeral 1. Thus the number 11

is actually a coded symbol which means ‘‘one
ten plus one unit.,” Since ten plus one is eleven,
the symbol 11 represents the number eleven.

. Figure 1 shows the names of several digit
positions in the decimal system. K we apply
this nomenclature to the digits of the integer
235, then this number symbol means ‘‘two-hun-
dreds plus three tens plus five units.” This
number may be expressed in mathematical
symbols as follows:

2x10x10 +3x10x1+5x1
.Notice that thi.s bears out our earlier statement:

each digit position has 10 times the value of the
position adjacent to it on the right.

1999

\ uNITS .
TCNS
- HUNLREDS .

TrHOUSANOS

I

Figure 1.—Names of digit positions.

The integer 4,372 is a number symbol whose -

meaning is ‘‘four thousands plus three hundreds -

plus seven tens plus two units,” Expressed in
mathematical symbols, this number is as fol-
lows:

4x1000+3x100+7x10+2x1

This presentation-niay be broken down further,
in order to-show that each digit position has 10
times- the place value of the position on its
right, as follows: ’

4 x 10 x 100 + 3 x 10x10+7x10x1+2x1

N

[

: 7

The comma which appears in 2 number sym-
bol such as 4,372 is used for ‘“‘pointing off'’ the
digits into groups of "three beginning at the
right-hand side. The first group of three digits
on the right is the units group; the second group
is the thousands group; the third group is the
millions group; etc. Some of these groups are
shown in table 1.

Table 1.--Place values and grouping.

Billions | Millions | Thousands | Units
‘group group group group
%,
7 & -3
: E 23
- =0
e Q
-"5"2 g 5 2§,
[ -1 -t lh-u “
- = Tv= 0 -u’s °
o= 2ES ¢2d ¢ -
922 T oS 8% 3 ez
55= §8= 552° ER
S @ T2 - E N D
Pl <

R 7
. By reference to table 1, we can verify that
5,432,786 is read as follows: five million,four
hundred thirty-two thousand, seven hufidred
eighty~six, Notice that the word ‘‘and”’ is not
necessary when reading numbers of this kind.

Practice problems:

.1,  Write the number symbol for seven thousand

two hundred eighty-one.

2, Write the meaning, in words, of the symbol
23,469,

3. K a number is in the millions, it must have
at least how many digits?

4, If a number has 10 digits, to what number
group (thousands, millions, etc.) does it

3

belong?
Answers:
1. 7,281 o
2, Twenty-three thousand, four hundred sixty-
. nine.
3. 1
4, Billions

BINARY SYSTEM

v

4 *‘ . .
The binary number system is gonstructed in
the same manner as the decimal.system, How-
ever, since the base in this system is M%.\.only

2
‘ i

81




two digit symbols are needed for writing num- i TR S

hers. These two digits are 1 and 0. Inorder
to understand why only two digit symbols are
needed in the binary system, we may make
some observations about the decimal system
and then géneralize from these.

-~

One of the most striking observations about
number systems, which utilize the concept of
place value is that there is no single-digit sym-
hol fpr the base. For example, in the decimal
system the symbol- for ten, the base, is 10. This
symbol is compounded from two digit symbols,
and its meaning may be interpreted as ‘‘one
base plus no units.”’ Notice the imp}ication of
this where other bases are concerned: Every
system uses the same symbol for the base,
namely 10. Furthermore, the symbol 10 is not
called ‘“ten” except in the decimal system.

Suppose that a number system were con-
structed with five as a base. Then the only
digit symbols needed would be 0,1, 2, 3, and 4.
No single-digit symbol for five 1§ needed, since
the symbol 10 in a base-five system with place
value' means ‘‘one five plus no units.”’ In gen-
eral, in a number system using base N, the
largest number for which a single-digit symbol
is needed is N minus 1. Therefore, when the
hase is two, the only digit symbols”needed are
1 and 0.

Y

. An example of a binary number is the symbol
101. We can discover the meaning of this symbol
by relating it to the decimal system. Figure 2

shows that the place value of each digit position’

in the binary system is two times the place
value ,of the position adjacent to it on the right.

CWare this with figure 1, in which the base

is ten rather than two.

DRRN (TS

. A
< UHITS
. TWOS
'
FOURS

E5nTS

i
Figure 2.—Digit positions in the bindry system.

Placing the digits of the number 101 in their
respective blocks on figure 2, we find that
101 means ‘‘one four plus no twos plusone unit.”’
Thus 101 is the binary equivalent of decimal 5.
If we wish to convert & decimal number, such
as 7, to its bihary equivalent, we must break it
into parts which are multiples of 2. Since 7 is
equal to 4 plus 2 plus 1, we say that it “con-’
tains’’ one 4, one 2, and one unit. Therefore,
the binary symbol for decimal 7 is 111.

The most common use of the binary number
system .is in electronic digital computers. All
data fed to a typical electronic digital computer
{s converted to binary form and the computer
performs its calculationsfusing binary arith-
metic rather than decimal arithmetic. One of
the reasons for this is the fact that electrical
and electronic equipment utilizes many switch=
ing circuits in which there are only two operat~
ing conditions. Either the circuit is ‘“‘on’’ or it
fs “off,” and a two-digit number system tis
ideally suited for symbolizing such a situation.

Further informatfon on number systems and
their application to Ythe problems of Marine
Science will be given in Section 5.

Practice problems: -

1. Write the decimal equivalents of ¢he binary
numbers 1101, 1010, 1001, and 1111.

2, Write the binary equivalents of the decimal
umbers 12, 7, 14, and 3.

A wp{%: - o
13, 10, 9, and 15 .

2, 1100,111,1110,and 11

—
.
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DE FINITIONS

-

ARITHME®IC -t

computation by numbers is arithmetic. The prin-
cipal processes involved are addition, subtraction, .
multiplication, and division. Any number that
can be stated or indicated, however large or
small, is called a finite number; one too large
to be stated or indicated is called an infinite
number; and one_ too small to be stated or
indicated is called an infinitesimal number.

The sign of a number is the indication of
whether it is a positive {+) or negative (-).
A positive number is oner having a positive sign
(+); a negative number is ene having a negative
sign (-). &he absolute value of a number is ‘that
number without regard to sign. Thus. the abso-
lute value of both (+)8 and (-)8 ts 8. Cenerally,
2 number without a sign can be consldere&
positive. ‘

EXPRESSING NUMBERS  ’

In Marine Science, fractions are usually
expregsed as decimals. Thus, 1/4 is express
as 025 and 1/3 as 0.33. To determige

# decimal equivalent of a , fraction, divi the

denominator (the number below the ling
a decimal is léss than 1, as i{n the
above, it is good practice to sho
at the, left of &he decimal point (0...'

greater /reclslon thart justified.
of a_decimal is {ndicated by. the my

to the nearest whole mile, or 3h;
13.5 and 14.5 mlles. The expregsion”‘14.0 miles”

o1 g@catds .a precision of
ahy value between 13.95 an
(] . - .

) : ’

®

. ARITHMETIC :

" That branch of mathematics dealing with

) Jdigits. These are the digits in a number, ex-

. may ke removed by expresslng “the number.

fn a number without a’ decimal, there is
. sometimes doubt as to the degree of precision -
“indicated. . For example, the . number 186,000
mdy indicate a precisiongito three, four, five,
or six places. This ambiguity is sometimes'
avoided . by expressing numbers as powers of
10, Thus 18,6x10% (18,6x10,000) indicates pre-
“eision t%.the dearest thousand (three places),
18.60x10 to the nearest hundred (four places),
18.600x10. 41;0 the neare/gt ten (five places), and
18.6000x10° to the nearest unit (six places).
The position of the decimal is not important
if the correct power df 10 is glven, For example,
18.6x10* is the same as 1, 86x10°, 186x10% etc,

.

2

The small nymber above and to the right of
10 (the exponent) indicates the number of places
the decimal point is to be moved to the right.
If the exponent is negative, it indicates a recip-
rocal, and the d‘ecimatl point is moved to the left,
Thus. R 86x10 = 0,00000186, This §ystem is
sometimes used to avoid long numbers,

‘e

\\: Another way of indicating degree of pre-
sion 'is to state the number of significant

clud;ng zeros at the left and sometimes those
"at the right, Thus, 1,325, 1,001, 1.408, 0.00005926,
625.0, and 0.04000 have four significant digits
each. But in.the number 312,600 there may be
four, five, or six significant digits. Any doubt

times a power of 10, as explained above.

If there are no more significant digits,
regardless of how, far a computation is carried,
this may be indicated by use of the word “‘ex- ¥

actly.” Thus, 125-4=3 exactly, and one nautical
mile = 1,852 meters exactly; but 122-7=1.7.
approximately, the word ‘‘approximately’” in-
dicating that additional decimal” places might
be computed. Another way of indicating an
approximate, relationship is by placing a’positive
or negative sign after the number. Thus, 1247=
1.7+, and 11+7=1.6-. This system has the ad-
vantage of showing whether the approximation

et E
WS apates”




. I8 too great or too sthall.

4

In any arithmetical comput'atio.n the answer
is no more accurate than the least precise

value used, Thus, if it is desired to add 16.4 .

and 1.88, the answer might be given as 18.28,
but since the first term might be anything from
16.35 to 16.45, the answer is anything from
18.23 to 18.33. Hence, to retain the second déci-
mal place in the answer is to give a false indi-~
cation of accuracy, for the number 18.28 indi-
cates a value betweep 18.275 and 18.285. Mow-
ever, additional places are sometimes retained
until the end of a computation to avoid an ac-
cumulation of small errors due to rounding off.

In genéral, a value obtained by lnterpolation
in a‘table should not be expressed to more

_decimal places than given in the table.

'pﬁsasxou AND ACCURACY

The word ‘‘precision” as used above s not’

the same as ‘‘accuracy,” although the two are
sometimes confused. A quantity may be expressed
to a greater precision than is justified by the
accuracy of the information from which the quan-
tity ‘is derivedl,n F%r instance, if a sg’lp srtéaams
one mile in 37217, {ts speed is 60 43 21°=

603-3.35=17.910447761194 tknots, approximately.
The division can be car to as many places
as desired; but i{f the tirke is measured only
to the neaTrest second, th
only to one decimal place in this example,
because an error of 0.5 serond introduces an
error of more thah 0.05 ®pot in the speed.
Hence, the additional places are meaningless
and possibly misleading, unless more accurate
time .1s available. In general, it is n
practice to state a quantity to greater ygrecision
than justified by its accuracy.

fhe absolute precision of a

digits. Although ‘‘absolute’” and “‘relative’’ a
indications
also be measuies of accuracy. Thus the expres-
sions absolute accuracy and relative accuracy

s afe nsed However, the term “‘accuracy’’ should

not be used when ‘“precision’’ only is intended.

“Thus, the. values 186,000, and 0.00000186 may

each have three significant digits, or ““be correct
to three dlgtts,” although the first/value may
be accurate (‘‘absolute accuracy’) only to the
nearest 1,000, and the, Becond to the nearest

speed i{s accurate'

the degree of precision, they may

PN

0.00000001..-If the numbers are accurate fo the
number of significant digits shown, each has
an error (“relative accuracy”) of less than
‘‘one part in 186.”

h i

Unless all numbers are exact, doubt exists
as to the accuraey of the last digit in a com-
putation. Thus, 12.3+9.4+4.6=26.3. But if the
three terms to be added.have been rounded off
from 12.26, 9.38, and 4.57, the correct adswer
is 26.2. It is obtained by rounding off the answer
of 26.21 found by retaining the second decimal
place until the end. It is good practice to work
with one more place than needed in the answer,
when the information is available. In computa-
tions involving a large number of terms, or if
great accuracy is desired, it is sometimes
advisable to retain two or more addltional places
until the end. ‘2

ROUNDING OFF

In rounding off numb rs the number of
places desired, one should take the nearest
value. Thus, the number 6.5049 is rounded to
6.505, 6.50, 6.5, or 7, dependigg upon the number
of places desired. If the nun:er to bé rounded
off ends in 5, the nearer even number is taken.
Thus, 1.55 and 1.65 aye both rounded to 1.6.
Likewise, 12.750 {s pounded to 12.8 i{f only
one decimal place is @lesired. However, 12.749
is rounded to 12,7. That is, 12.749 is_not first
rounded to 12.75 and thdg to 12.8, but the éntire

number is rounded in one operation. ern a-

number ends in 5, the computation cansometimes
be carried to additional places to determine

* whether the correct value is more or less than 5.

RECIPROCALS . g

XThe rebip ‘
by that nurhber.- he“reciprocal of a fragtion
is obtained by interchanging the numerator{ and
denomtinator. Thus, the reciprocal of 3/5 is\§/3,
A whole number may be considered a frac ﬁa
with 1 as the denominator. Thus, 54 s the same
as 54/1, and its reciprocal is 1/54. Divis
by a npumber produces the same result.
multiplying by Iits reciprocal, ¥r vice versa.
Thus, 125-2=12x1/2=6, and 12x2=12=1/2=24,

. a

, . 8‘? . ’ -
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ADDITION’

When two or more numbers are to be added,
"t is generally most convenient to write them
in a column, with the decimal points in line.
Thus, if 31.2, 0.8874, and 168.14 are to be added,

arranging the numbers as follows:
) 31.2-
0.8874,

The answer is given only to the first decimal
place, because the answer is’ no more accurate
than the least precise number among those to
be added, as indicated previously. Often it is
preferable to state all numbers in a problem
to the same prectsion before start'lng the addition,
although this may introduce a small error as
indicated previously:

. . 31.2
’ 0.9

168.1

200.2

H there are no decimals, the\last digit to ﬁme
right is'algned:

A
g .

166
2
96,758 - -
" 96, 926 . ‘

.

same absolute accuracy, when available, to avoid
a false impresslon of accuracy in the result
'.Consider the following~ :

. -

T 71,832
- ‘9,614
: © 728 \
-268,174 .

The answer would lmply an accuracy to six
places. the first number given is accurate
to o three places, .or to the nearest 1,000,
swer is not-more accurate, and hence the
answer .should be given as 268,000. Approxi-
. mately the jay answer ‘would be obtained by

1 [}

*this may b icated by means of the addition ~
sign (+): 31 .8874+168,14=200.2: But the addi-
tion can performed more conveniently by

* arithmetically, the answer is 15, but if they

. {the number to be subtracted) is reversed and the -

Numbers to be added should be given to the.

186,000 '

” ‘ (+)1,867.25 .

. ®

rounding off at the start:

186,000

72,090

10,000

1,000

269,000
“n,

f numbers are added arithmetically, their
absolute values are added without regardtosigns;
but if they are added algebraically, due regard
is given to signs. If two numbers to be added
algebraically have the same sign, their absolute °
values are added and given their common slgn.
If two numbers to be added ilgebraically hav
unlike signs, the smaller absolute value is sub=
tracted from the larger, and thg sign .of ,t.he
value having the larger absolute value is given
to the result. Thus, if +8 and -7 are added,

are added algebraically, the answer is +1.

An answer obtained by addition is called
4 sum. ‘

Al

n

SUBTRACTION - -

The inverse of addition is subtraction. Stated
differently, the addition of a negative number is
the same as -the subtraction of a positive number.
That is, if a number fs to he subtracted from
another, the sign ( + or - ) of the subtrahend

resulf added algebraically to the minuend (the
number from which the subtrahend is to be sub-
‘tracted). Thus, 6-4=2. This may be written
6 =-{(+4)=+2, which ylelds the same result as
+6 +(-4). For solution, larger numbers ar¢ ofteu
conveniently arranged in a column, with decimal
po@sts in a vertical column, as’ in addition.
'Ehu " 3,728.41-1,861.16 may be written

(+)3,728.41
(+)1,861:16 (subtract)

Thls"

]

the sapf€ as

(+)3,728.41

v . " {=)1,861,16 (add algebraically)
(+)1,867,25




The rule of sign reversal applies likewise
to negative numbers. Thus, if -3 is to be sub-
tracted from +5, this may be written +5-(~38)=
5+3=8.

In the algebrdic addition of two mumbers of

. opposité sign (numerical subtractfon), thesmaller

number is subtracted from the larger and the

result is givén the sign of the larger number.

Thus, +7-4=+3, and ~7+4=-3, which is the same
ag +4-7=2=3;

L3

The symbol ~~ indicdtes that an absolute

difference is required without regard. to sign of -

the answer. Thus, 28a13=15, and 13~28=15. In
both of these solutions 13 and 28 are positive
and 15 is an absolufg value without sign. If the
signs or names of both numbers are the same,
either positive or negative, the smaller is sub-
tracted from the larger, but if they are of

‘ opposite sign or name, they are numerically”

added. Thus, (+)16~(+)21=5 and (~)16~(-)21=5,
but (+)16~§-)21=3? and (-)16~(+)21237,

If numbers are subtracted arithmetically,
they are subtracted without regard to sign; but
if they are subtracted algebraically, positive
(+) numbers are ‘subtracted and negative (-)
numbers are added.

» An answer obtaided by subtraction i5 called
a difference.

MULTIPLICATION - g

Multiplication may be indicated by the multi-
plication sign -(x), as 154x28=4,312. For solution,
the problem is conveniently arranged thus:-

»

154

(x) 28

] . 1232
4312 .

Either numfer may be given first, but it s
generally more convenient to perforns the mitltt-
plication if the larger number is placed on top,
as shown. In this problem, 154 is first multi-
plied 'by 8 and then by 2. The second answer is
‘placed under the first, but set one place to the

left, so that the right-hand digit is directly
below the/2.' These steps. might be -reversed,
multipltcation by 2.being performed first. This

procedyre is . sometimes used in estimating.

When one number is placed below another
for multiplication, as shown above, it is usually
best to align the right-hand digits without regard
for the position of the dectmal point. The number
of decimal -places in the answer is the sum of
the decimal places in the multiplicand (the number
to be multiplied) and the multlplier (the second
number) .

. 163.27 ™
+ (x)263.9
T 7 146943
48981
97962, .
32654 .
43086.953-
Howeves, ‘'when a number ends in one or more
&eros, these may be ignored until the end and
en added o to the number: ’

’

1924
(x)1800
15392
1924
3463200

This is also true if both multiplicand and muliti-
plier end in zeros:

1924000 .
{x) 1800 ’
15392
1924
3463200000

When negative values are to be multiplied,
the sign of the answer is positive if an even
number of negative signs appear, and negatlve
if there are an odd number, Thus, 2x3=6, fax(-3)=
-6, =2x3=-6, ~2x(-3)m(+6). Also, 2x3x8x(~2)x5=
~480, 2x(-3)x8x(-2)x5=-480 2x(=3)x(-8)x(=2)x5=
~480, 2x(-3)x(-8)x(~2)x(-5)=480, and (-2)x(-3)x
(~8)x(~2)x(~5)%-480, o

An answer obtained by(' multiplication is
called a product. Any nurnber muitiplied by 1
fs the number itself. Thus, 125x1=125. Any
number muitiplied by 0 is 0. Thus, 125x0=0
and 1x0=0. .

L

DIVISION L

-
Division {s the inverse of multiplication. It
may be indicated by the divistop sign (3, as

-




«
v

376%21=18 approximately; or by placing the
number to be divided, called the dividend (376),
over the other number, called the divisor (21),
as &% .= 18 approximately, The expression -
may be written 376/21 with the same meaning,
Such a problem is conveniently arranged for
solution as follows - -

17
21)376
21

166

147

19

.19, or more than hal
answer to the nearest

Since the x:emalnder is
of the divisor (21), the
whole number is 18,

An answer obtained by division s called
4 quotient. Any number divided by 1 is the
number itself. Thus, 6531=65. A number cannot
be divided by 0.

If the numbers involved are accurate only:
to the number of places given, the answer should
not be carried to additional places. ﬂowever,
if the numbers are exact, the answer might,
be carried to as many decimal places as
desired,- Thus, 374 +~ 21 = 17,809523809523809-
523809523809523809523 . . . . When a series &~
digits repeat themselves with the same remdinder,
as 809523 (with remainder 17)in the example given
above, an exact answer will not be obtained
regardless of the number of places to which the
division is carried. The series of dots (. ...)
indicates a repemting decimal, In a nonrepeating .
décimal,“a plus sign (+) may be given to indicate
2 remainder, and a minus sign (-) to indicate
that the last digit has been rounded to the next
higher value. Thus, 18,68761 may be writteh
18.6876+ or 18.688-. If the last digit given is
rounded off, the word ‘‘approximately’’ may be
used instead of dots er a plus or minus sign.

If the divisor is a whole number, the deci~
mal poiht in the quotient is directly above that
otj\the dividend when the work form shown above
is used. Thus, in the example given above,
if the dividend had been 37.6, instead of 376,
the quotient would have beert 1.8 approximately.
if the divisor is a decimal, both It and the
diwdend are multiplied by the power of 10
having an exponent equal to thé number of deci-
mal places in the divisor,'and the division is

N

-
.

then carried out as explained above, Thus, if
there are two decimal places in the divisor,
both_divisor and dividend are mualtiphicd n
10% = 100, This is done by mwoving the Jdecimal
to the right until the divisor is a whole number,
U necessary, zeros are added to the dividend.

Thus, if 3.7 is to be divided by 2, 11 both quan-
titles are first multiplied by 10% , and 370 is.
divided by 211, This is usually performed as

follows: 1.75
: 211 13,70.00

If botlthe dividend and divisor are positive,
or if both are negative, the quotient is positive;
but if either is negative the quotient is negative,
Thus, 6 < 3 =2, («6) = (~3) = +2, {=6) + 3 = -2,
and 6 = (~3) = -2.

FRACTIONS

The simplest -type of number other than an

_.integer is.a COMMON FRACTION, The twoterms
of a common fraction are the numerator and the

denominator, Common fractions and integers to-
gether comprise a set of numbers called the
RATIONAL NUMBERS, -

Fractions are often classified as proper or
improper, A proper fraction is one in which the
numerator is numerically smaller than the denom-
inator., An lmproper fraction has a numerator
which is larger than its denominator,

When the denominator of an improper fraction
is divided into its numerator, a remainderis pro-
duced along with the quotient, unless the numerat-
or happens to be an exact multiple of the denem-
inator, For.example, 7/5 is equal to 1 plus a re-_

~ mainder of 2. This, remaihder may be shown as

a. dividend with 5 as its divisor, as follows:

D

Ve

The expression 1 + 2/5is aMIXEDNUMBER,
Mixed numbers are usually written without show-
ing the plus sign; that is, 1 + 2/5 is the same as
1— or 1' 2/5, When a mixed number is written
as 1 2/5, care must be taken to insure that there
is a space between the 1 and the 2; otherwise,
1 2/5 might be taken to mean 12/5,

=142
-14-5
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FUNDAMENTAL RULE OF FRACTJONS
VIultiplymg 0% dividing both terms of & frag-

tion by the same number doés not-change the: '

value of the fraction, ‘This is ,one of the most'
important rules used in dealing with fractions,

\fouowing examples show how. the funda-
menta.l rule is usec;

}i"- .

-
1, Change 1/4 to twelfths ThlS problem is set
up as follows '

.
»

1

47712

The first step is to determine how many 4's
are contained in 12, The answer is 3, so we
know fhat the multiplier for both terms of.the
fraction is 3, as follows: o .

#1 .3
12

” . bt =
.

2. What fraction with & numerator of 6 {s equal

to 3/47?

SOLUTION: _3
, 7 4

We note that 6 contains 3 twice; therefore, we
need to double the numerator of the right-hand
fraction to make it equivaleht to the numerator
of the fraction we seek. We ‘multiply both terms
of 3/4 by 2, obtaining 8 as the denominator of
the new fraction, as follows:

3. Change 6/16, to eighths.

SOLUTION:"

»

5 .
16

We note that the denominator f the fraction
which we seek is 1/2 as large ‘astthe denom

tor of the original fraction, Therefora ew
fraction may be formed by dividing both terms

. of the original fraction by 2, as follows:

§° -6 = 2 3 <
=2

16 = 2 8

-

- Practi¢e problems. Supply the missing num-
ber in each of the following:

REDUCTION T%EOWEST TERMS - -

It is frequently desirable to change a frac-
tion.to an equivalent fraction with the smallest
possible terms; that’is, with the smallest pos-
sible numerator and denomdnator. This process
is called REDUCTION, Thus, 6/30 reduced,to
lowest ternis i{s 1/5. Reduction can be accom-"
plfshed by finding the largest factor that is,
common to both the numerator and denominator

and dividing both of ‘these terms by it. Dividing

both terms of the preceding example by 6 re~-
duces the fraction to lowest terms. In'computa-
tion, fractions should usually be reduced to
lowest terms where possible. ’

If the greatest common factor cannot readily
be found, any commgn factor may be removed
and the process repeated until the fraction is in
lowést terms: Thus, :: could first be divided
- by 2 and then by 3.

182+2 9

48 24

9

— 3

4

Practice problems. Reduce the followiryg

fractions to lowest terms:

[

1.18
4 18,

4.12
60

o
B fpst [y
:;x_loo6 9'01

Answers:

[

&
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LOWEST COMMON DENOMINATOR

* To ‘éhange unlike fractions to like fracﬁom,
¥ is necessary to find a COMMON DENOMINA-

" TOR and it is usually advantageous to find the

LOWEST COMMON DENOMINATOR (LCD).
This is nothing more than the least commnfon
multiple of the denominators. - N

Least Common Multiple
~ *

I a pumber is a multiple of twoor more dif-
ferent numbers, it is called a COMMON MULTI-

_PLE, Thus, 2¢ is a common multiple of § and 2.

There are many common multiples of these nums=
bers. The numkers 36, 48, and 54, toname a few,
are also common multiples,of 6 and 2,

q‘he ‘smallest qf the common multiples of a
set of numbers is ealled the LEAST COMMON

MULTIPLE.. It is abbreviated LCM. The least

common’ multiple of 6 and 2 is 6. To find the
Teast common multiple of a set of numbers,
first separate each of the numbers. into prime
factors: .

" Suppose that we wish to find the LCM of 14,
24, and 30. Separating these numbers into prime
factors we have:

14=2-7
21=2%. 3
30=2:3+%

The LCM will contain each of the various prime
factors” shown. Each prime factor is used the
greatest number of times that it occurs in any
one of the numbers. Notice that 3, 5, and 7 each
occur only once in any one number. On the

. other hand, 2 occurs three times in one number.

We get the following result:

7
v

LCM =23 3.5.7
= 840

Thus, 840 is the least common multiple of 14,
24 and 30. . ‘

+ o, . . . \‘

Greajest Common Divisor

« The largest number that can be divided into
each of two or more given numbers without a

remainder is called the GREATEST COMMON

. %
«

g7/

DIVISOR of the given numbers. It is abbreviated
GCD. .1t is also sometimes called the HIGHEST
COMMON FACTOR,

In finding the GCD of a set of numberg, se-
parate the numbers into prime factors just as
for LCM. The GCD is the product of only those
factors that appear in all of the numbers. Notice
in the example of the previous heading that 2 is
the greatest common divisor of 14, 24, and 30.

Find the GCD of 650, 900, and 700. The pro-
cedure is as follows:

2
650 = 2
900 = 2‘2? g
700 = 2 E
GCD=2.,5

Notice that 2 and 52 are factors of each num-
ber. The greatest common divisor is 2 x 25=50.

USING THE LCD

Consider the example

The numbers 2 and 3 are both prime; so the
LCD is 6. v

Therefore
. T4 -

and

.Thus, the addition of 1/2 and 1/3 is performed
as follows:

CANCELLATION .

Computat{on can be considerably reduced by
dividing out (CANCELLING) factors common to
both the numerator and the clenominater. We
recognize a,fraction as an indicated division.
Thinking of 6/9 as an indicated division, we re-

. b
. L N L




member that we can simplify division by show-
ing both dividend and divisor as the indicated
products of their factors and then dividing like
factors, or canceling. Thus,

[o
=

wlon
Wi

X
X

wlew

D!vidlng the factor 3 in the numerator by 3 in

the denominator gives the following simplified

. result:
. 1
2x% .2
3x3 3
1

This method. is most advantageous when done
before any other computation. Consider the ex-
ample° .

1.3 2
3%2 %3 .

The product {n factored form is

ix3x2
3x2x5

Rather than doing the multiplying and then
reducing the result 6/30, it is simpler to cancel

1ike factors first, as follows:

11 .
lxéxg'l
AxZx5 5 - -
11

PERCENT

The word *‘percent” is derived from Latin.
It was originally ‘“‘per centum,” which means
“by the hundred.” Thus the statement is often
made that-‘! ;Eerce t means hundredths.”

Percentage als with the group of decimal )
fractions whose déMominators are 100—that {s,
fractions of two decimal places. Since hun-
dredths were used so frequently, the decimal
point was dropped and the symbol % was placed
after the number and read ‘‘percent’’ (per 100).
Thus,’ 0.15 and 15%. represent the same value,

. 15/100. The first is read ‘15 hundredths,’’ and
. the second is read ‘‘15 percent:’’ Both mean 15
‘parts out of 100. . c. -

Ordinarily, percent is used in discussing
relative values. For example, 25 percent may
convey an idea of relative value or relationship.
To say ‘25 percent of the crew is ashore”
gives an idea of what part of the crew is gone, but
it does not tell how many. For example, 25 per-
cent of the crew would represent vastly different
numbers if the comparison were made between
a WAGB and a WPB, When it i8 necessary
to uge a percent in computation, the number is
written in its decimal form to avoid confusion’

* By converting all decimal fractions so that
they had the common denominator 100, men
found that they could mentally visualize the
relative size of the part of the whole that was
being considered.

-

CHANGING DECIMALS TO PERCENT

Since percent means hundredths, any decimal
may be ‘changed to percent by first expressing
it as a fraction with 100 as the denominator.
The numerator of the fraction thus formed in-
dicates how many hundredths we have, and there-
fore it indicates ‘‘how many percent’’ we have.
For example, 0.36 is the same as 36/100. There-
fore, 0.36 expressed as a perdentage- would

"be 36 percent. By the same reasoning, since’

0.052 1is’ equal to 5.2/100, 0052 is the same

as 5.2 percent. .

-In actual practice, the step in which the de-
nominator 100 occurs is seldom written down.
The expression in terms of hundredths is con-
verted mentally to percent. This resulfs in the
follow*lng rule: To:change a decimal to percent,
multiply the decimal by 100 and annex the per-
cent sign (%)/ Sinceé muiltiplying by 100 fas. the
effect of moving the decimal point two places to
‘the right, the rule is sometimes stated as fol-
lows: To-change a’ decimal to percent, move .
the decimal point two places to the right and
annex the percent sign, ‘

CHANGING COMMON FRACTIONS AND WHOLE
NUMBERS TO PERCENT ~. -~

-

Common fractlons are changéd to percent by
first exp)esslng them as_decimals. For exam-
‘ple, the fraction 1/4 is equivalent to the.deci-
mal 0,25. Thus, 1/4 ‘is the same as 25 percent,

’ : \
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1. 0.0065

¥, 1259

-

. Whole numbers may be consideredas special
types of decimals (for example, 4 may be writ-
ten as 4.00) and thus may be expressed in terms
of percentage. The meaning of an expression
such as 400 percent is vague unless we keep in
mind that percentage is a form of comparison.
For example, a question which often arises is,
‘“How can I have more than 100 percent of some-~
thing if 100 percent means all of it?”’

This question seems reasonable, if we limit
our attention to such quantities as test scores.
However, it is also reasonable to use percent-
age in comparing a current set of data with a
previous set. For example, if the amount of
electrical power used by a facility this year
s double the amount used last year, then this

year S power usage is 200 gercent of last year’s
usage.

The meaning of a phrase such as ‘‘200 per-
cent of last year’s usage’” {s often misinter-
preted. A total amount.that is 200 percent of

the previous amount is not the same as an in- _

crease of 200 percent. The increase in this
case is only 100 percent, for a total of 200. If

- the increase had been 200 percent, then the

new .usage figure would be 300 percent of the
previous figure.

Baseball batting averages comprise a spe-
cial case .in which percentage is used with only
occasional reference to the word ‘‘percent.”
The percentages in batting averages are ex-
pressed in their decimal form, with the figure
1 000 representing 100 _percent. Although a bat-
ting average of 0:300 is referred to as ‘‘bat-
ting 300,”’ this is actually erroneous nomencla-
ture from the strictly mathematic.al standpoint.

The correct statement, mathematically, would

be ‘‘batting point three zero zero” or ‘‘batting
30 percent.””

Practice praoblems. Change 'each of the fol-
lowing numbers to percent

T4 3.0.363 5.7

2.1.25 ., 4844 . -6.1/2 )
P N N . ‘
Answers: & . % . - >
o "
1. 0.65% 3. 36.3% - 8.7700% .

5%

’
-

5% is-the rate,
percentage. : i

6.50% ‘;

CHANGING A PERCENT TO A DECIMAL .

Since we do not compute with numbers in the
percent form, it is often necessary to change a
percent back to the decimal form. The proce-
dure is just opposite to that used in changing
decimals to percents: To change a percent to a
decimal, drop the percent sign and divide the
number by 100. Mechanically, the decimal point
fs simply shifted two places to the left and
the percent sign is dropped. For example, 25
percent is the same as the decimal 0.25. Per-
cents larger than 100 percent are chang&d to
decimals by the same procedure as ordinary
percents. For example, 125 percent is equiva-
lent to 1.25.

Practice problems. Change the following
percents ‘to decimals:

1. 2.5% 3, 125% 5. 52%

2. 0.63% 4, 25% 6.93 %
Answers:

1. 0.025 © 3,1.25 5. 5.-75%; = 0.0575

2. 0.0063 4.0.25

6. 9.50% = 0,095

THE THREE PERCEI:JTAGE CASES

To explain the cases that artse in problems'
involving percents, it is necessary to define the
terms that, will be used. Rate (r) is the number
of hundredths parts taken. This is'the number
followed by’ the percent sign. The base (b) is”
the whole on which the rate operates. Percent-.
age (p) is_the part of the base detgrmined by
the rate. In the example .

5%0f40=2

.

40 {s the base. and21s the

There are three cases that usually arise in

‘dealing with perceiitage, as follows:

Case I-To find the percentage when the

base and rate ‘are known.

L. .
EXAMPLE: What number is 6% of 50?




—

Case II-—To find the rate when the base and
percentage are known. -

EXAMPLE: 20 is what percent of 607

»

Case II-To find the base when the percent-
age and rate are known, t

EXAMPLE: 'The number 5 is 25% of what
number?
Case I

In the example * : ‘.

T 6%of50-?

the “of’ has the same meaning .as it does in,
fractional examples, such as ’ .

. 1 -
4ofis ?

In other words, “‘of’ means to multiply. Thus,
to find the percentage, muitiply the base by the
rate. Of course the rate must be changed from

.a percent to a decimal before multiplying can

‘be done. Rate times base equals percentage.
Thus, )
" 6%-of 50 = ?
0.06 x50 = 3

The number that is 6% of 50 is 3.

~

FRACTIONAL PEKCENTS -

BNy

A fractional percent represents a partof-1-
percent, In'a case .such as this, it is sometimes,
eagier to find 1 percent of the number and then
find the fragtional part. For example, we would
find 1/4 percent of 840 as follows:

-kx.

S g% of 840 = 0.01x 840 -
= : . = 8,40,
/—- ! 1
Therefore, Z% of 840 = 8,40 x 2
S =2.10

“

Case II ) o \\

hd o

To explain case II and case III; we notice in
the foregoing examiple that the base corresponds

.[.\_-,Bf‘ N i
B

e

‘ Case III

"find the other. factor.

- rate equals base. Thus, s PO
5 : 5?:. . e e T “ . ;
—2-5- -‘20)(base)

to the multiplicand, the rate corresponds to the e
multiplier. and the percentage corresponds to
the product.

%50 (base or muLtipllcand) .o
.06 (rate or multiplier) i
3.00 (percentage or product)

Recaning that the product divided by one of its -
factors’ gives the. other factor, we can solve the -
followlng problem. T “ .

- ?% of 60 20 .

‘e'!‘-

v

We are given the base (60) and percentage (30).

60 (base) oo
_2 (rate) :
20 (percentage)

We then divide the product (percentage} by the
multiplicand (base) to get the other factor (rate).
Percentage divided by base equals rate. The
rate is found as follows: = - .

2 _1
60 " 3

. =3

)

= 33%% (rate)

The rule for case II, as {llustrated in the
foregoing problem, is as follows: To find the .
rate when the percentage.and base are known,, -
divide the.percentage by the base. Write the _
quotient in the declmal form first, and finally
asa percent * . ‘

7

The unknown factor in case III is the base, )
and the rate and percentage are known,

EXAMPLE: . 25%o0f?=5
) ? (base) ’
.25 (rate)
5.00 (percentage)

We divide the product by its known factor to . -
Percentage divided-by: —




The rule for case III may be stated as follows:

To find the base .when the rate and percentage

1

the average reader. How much faster? To find
out, his rate ig divided by the average rate,

‘“are known, divide the percentage by the rate. as follows:

Practice problems. In each of the following
‘problems, first determine which case is in-
volved; then find the answer.

400 _ 8
250 5

Thus, for every 5 words read by the average
reader, this man reads 8. Anpther way of maks
ing this comparison is to say that he reads 1—5-
times as fast as the average reader.

1. What is 2% of 7407

2. 7.5% of 2.75 =2

3..81s 2% of what number? When the.relationship between. two numbers

is shown in this way, they are compared as a
RATIO. A ratlo is a comparison of two like
quantities. It is the quotient obtained by divid-
ing the. first number of a comparison by the
second.

o

Comparisons may be stated in more than
one way. For example, if one gear has 40 teeth
and another has 10, one way of stating the com-
parison would be 40 teeth to 10 teeth. This
comparison could be shown as a ratlo in four
ways as follows:

4. 7% of 18 = 15.

- 5.12% of ? = 12.

6.”8 is what percent of 32?
Ansyers:

1. Case [; 5.55

2, Case I; 0,20625

3. Case III; 400 1. 40:10 .

* 4, Case If; 83%%

5. Case III; 100
6. Case II; 25% .
' 4, The ratio of 40 to 10.
. N LY ‘ N
When the emphasis {s-on ‘‘ratip,”’ all of these
expressions would be read) ‘‘the ratio of 40 to
- 10,’. The form 40 <~ 10 _may also be read ‘40
divided by 10.” The form $§- may alsc be read -
40 over 10,7 - I ‘w,

N
RATIO AND PROPORTION

The solution of problems based, on ratio,”
proportion, and va'riagion invalves no new prin-
. ciples. However, familiarity with thcse topics
" - will often, lead to quick and .simple solutions to . . . : : . .
proteths that would otherwise be more com- Comparison by means of a ratio is limited
plicated. Lo T " to quantjtiés of the same kind. For example, in- - -
; " order to express the ratio between 6 ft.and 3 yd.,
o : . ) both quantities must be written in terms of the =
SRaTIO . - - - P same uni. Thus the proper form.of this ratio- -
o is 2 yd : 3 yd, not 6 ft : 3 yd. When the parts of
the ratio .are expressed in terms of the same
unit, the units. cancel each other and the ratio
—consists simply. of two numbers. In this exam-
- ple, the firal form of jhe ratio is 2 : 3.
- o , »
‘Since “a ratio is also a fraction, all the rules . |
at govern fractlons may be used in working
;&xs ratios, Thus, the terms may be redueced,

The resuits of abservation.or medsurement

. often mugt be compared with some standard
“value in order to have any meaning. For ex-
ample, to say that a man can read 400 words
per minute has little meaning--as it stands.
However, when his rate {s compared. to the 250,
words per minute of the average reader, one ~
can see that he reads considerablysfaster than”'

.
-
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increased, _simplifidd, and so forth, according
to the rules for fractions. To reduce the ratio
15:20 to lowest terms, write the ratio as a
fraction and then proceed as for fractions.

Thus, 15:20 becomes

‘ 15,3
20 4

v

7
Hence the ratio of 15 to 20 is the same as the
ratio of 3 to 4.

Notice the distinction in thought between §
as a fraction and 7 as a ratio. As a fraction we
think of 3-as the single quantity “three-fourths.”
As a ratio, we think of } as a comparison be-
tween the two numbers, 3 and 4. For example,
the lengths of two sides of a triangle are 1 % ft.
and 2 ft, To compare these lengths by means of
a ratio, divide one number by the other and
reduce to lowest terms, as follows:

N

2 25
Mg 16 2
2 2 32

The two sides -of the giaﬂgle compare as 25
to 32. »

" INVERSE RATIO

- It is often desirable to compare the numbers
of a ratio in the inverse order. To do this, we
simply interchange the numerator and the de-
nominator. Thus, the inverse of 15:20 {s_20:15.

When the terms of a ratio are interchanged the

INVERSE RATIO results. . ¥,
‘\é
Practice problems. In problems 1 through 6,
write the ratio as a fraction and reduce to low-

est tepms. In problems. 7 through 10 “write the

tnverse of the given ratio. ce
- - 1. THe ratio of 5 1b to 15 Ib

¥
»

2! $16-: $12

"3, 16—-4

‘- 4, Onk quart to one gallon

> 3
5. sxts10x o
o @
r o1 o

’6.3‘5:4-2- ' . /

e

N

7. The ratio of 6 ft to 18 ft

4
8. g . °
9.5:8 ¢
10,15 to 21
Answers:} -
1. 3 6. 27
4 v 3
2, 3 7. 1
4 2
3. 1 8. 1
1 8
4., 2 9. 5
1 I
5. 2 10. 5

PROPORTION

Closely allied with the study of ratio is the -
subject of proportion. A PROPORTION is nothipg

more than an equation in which the members
are ratios. In other words, when two ratios'
are set equal to each other, a proportion is
formed. The proportion may be written in three

different ways as in the following examples:

-

15:20 : : 3; 4°
1520 = 3:4

15

=3
. ’ 20 4

»
’
14

%

The last tow forms are the most common. ALL
thesg forms are read, ‘‘15 is to 20 as 3 is to 4.”
In otker words, 15 has the same ratio to 20 as
4, .

One reason for the extreme 1mportance of -

..proportions is that if any three of the terms -

are given, the fourth may be found by ‘solving a

.simple equation. In scierice ‘many chemical and ,

physical relations are expressed as propor-
tions. Consequently,” a familiarity with propor-

tions_will -provide one method for solving many °

appl‘led problems. It is evident from- the last
forr‘d shown, -,% ’ , that a proportion is really
a fractional equation. Therefore, all the rules
for fraction-equations apply.

~




TERMS OF A PROPORTION

Certain.names have been given to the terms
of the two ratios that make up a proportion, In
a proporﬂon such as 3:8 = 9:24, the first and

the last terms (the outside terms) are called

the EXTREMES., In other words, the numerator
ofs the first ratio and the denominator of the
second are called the extremes. The second

+ and third terms {the inside terms) are called
the MEANS, The means are the denominator of

the first ratio and the numerator of the second.
In the example just given, the extremes are 3
and 24; the means are 8 and 9.

Four numbers, such as 5, 8, 15, and 24, form
a proportion if the ratio of the first two in the
order named equals the ratio of the second two.
When these numbers are set up. as ratios with
the equality sign between them, the members
will reduce to an identity if a true proportion
exists, For example, consider the following

proportion:

The numbér 3 is ;he common factor that
must be removed from both the numerator and

the denominator of one fraction in order to show
that the expression

is a true proportion. To say this another way,
1t is the factor by which both terms of the ratio
. must be multiplied in order to show that this
ratio is the same as H .

Practice pmblems.'For each of the follow-
ing proportions, write the means, the extremes,
and the factor of proportionality.

v

-3_15 - 25_1
1.6 %0 75°3
2.4:5=12:15 4,12:3::4:1

Answers:

1. Means: 16 and 15
Extremes: 3 and 80
Factor of proportionality: 5

2. M: 5and 12

E: 4 and 15
“FP: 3
3.M: 75and 1
E: 25and 3
FP: 25
4. M: 3and4 i
E: 12and 1
FP:.3

g




EXPONENTS AND RADICALS

. The vperation of raising a pumber to a power
1s a special case of multiphcation in which the
factors are all equal. In examples such as
47:4x 4 =16 and 5’ = 5x5x5 =125, the
number 16 is the second power of 4 and the
number 125 1s the third power of 5. The ex-
pression 53 means that three 5's are to be mul-
tiplied together. Similarly, 4? meansz4 x 4.
The first power of any number 1S thé number
itself. The power 1s the number of times the
number 1tself 1s to be taken as a factor.

- The process of finding a root 1s the inverse
uf raising a number to a power. A root is a
special factor of a number, such as 4 in the
expressmn 42 = 16. When a number 1s taken

2 factor two times, as 1n the expression
4 X 4 = 16, 1t 1s called a square root, Thus, 4
1;2/square root of 16. By the same reasoning,
2 a cube root of 8, since 2x 2x 2 is equal
to’ 8. This relationship is usually written as

= 8.

POWERS AND ROOTS

A power of a number is indicated by an EX-
PONENT, which is a number in small print
placed to the right and toward the top of the
number. Thus, in 43 = 64, the number 3 is the
EXPONENT of the number 4.

1s to be raised to its third power. The expres-
sion is read "4 to the third power (or 4 cubed)
equals 64.” Sinularly. 52= 25 1s read "5 to the
seccnd power (or S squared) equals 25."" Higher
powers are read according to the degree jndi-
cated; xor example, "“fourth- power,"” 'Lﬁﬁb.
power,” etc.. -

When an exponent occurs,
“written unless its value is 1.

"1t must always be
The exponent'l

-usually 1s not- written but_ is understood. For

example, the number 5 is actually 5!, When ‘we
work with exponent
ber that any humbef

neni really has an exponent equal to 1.

a

~-. A root of a number can be indicated by plac- .
“ing % Tadital-sign, V., over. the number and

-showing the root. by placmg a” small number

NEGATIVE INTEGERS-

The exponent 3-
indicates that the number 4, called the BASE. *

1t 1s 1mportant to remems
“that hasho written expo—’_‘

1

within the notch of the radical sign. Thus, NG
indicates the cube root of 64, and, 32 indicates
the fifth root of 32. The number that indicates
the root is called the INDEX of the root. -In tie
case of the squaré root, the index, 2, usually is
not shown. When a radical has no index, the
square root is understood to be the one desired.
For example, 36 indicates the square root of
36. The line above the number whose root is to
be found is a symbol of grouping called the vin-
culum. When the radical symbol is used, a vin-
culum, long enough to extend over the entire
expression whose root 1s to be found, should be
attached. .
Practice problems. Raise to the indicated
power or find the root indicated. )

4, 253
8. ¥32

3, 43
135 ¢

1. 23 2. 62
5. V16 6. V38 7.

Answers:

1. 8 2. 36 4. 15,625
5. 4 6. 2 : 8. 2

.~
-.-»' ¢ 4

Raxsmg to a power 1is mulnphcatwn in which
all the numbers being multiplied together are
equal. The sign of the product -is determined,
as in ordinary muitiplication, by the number of
minus signs: The numiber of minus signs is odd
or even, depending-on whether the exponent of
the power ts odd or even. _For example, in the
problem ST N

o (-2)?

PO —— ~

='<-z>(-é>(-2) -

- there are three mmus sxgns . The result is
,neganve Im .- .. R

¥

ST (--2)? = 64
there are six minus signs.
tive.

The result is posi-

e
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.

. taken as.a factor.

Thus, ‘'when the exponent of 2 negative num-

ber is oc!d,_the pdwer is negative; when the éx-
ponent is eveh, the power is positive. . }
As other examples, consider the following:
L3 =grt]
. (.2 = .8 .
, ' 5/ T 135 ’
(-2)% = 256 .
ns=-1 v 4
Positive and negative numbers'!?%long to the

class called REAL NUMBERS. The square of a
realnumber is positive. For example, (-7)2 = 49
sand 72 = 49, The expression (-7)2 is read
"minus seven squared.” Note that either seven
squared or minus seven squared gives us +49.
We cannot obtain -49 or any other negative
number by squaring
.or negative, . -
Since thére is no real number whose squade
.is a negative number, it is sometimes said that
the square root of a negative number does not
exist. However, an expression’ under a square
root sign may take on' negative values. While
the square root of a negative number cannot’
actually be found, it'can be,indicatgd.
. The indicated square_root ofa negative num-
ber is called an IMAGINARY NUMBER. The
number «-7, for example, is 3aid to be imagi-
nary. It is read "square root of minus seven."
Imaginary ndmbers arg discussed {n Section 5

. of this course.

FRACTIONS |
" We recall that the exponent of a numiaer tells
the number times that the number is.to be

A fraction is raised to a
power by raising the numerator and the denom-
inator sepapately to the power indicated. The

3. .
means 7 is used twice as a

.expression { (?I- ]
factor. Thus,

Y

any real number, positive *

)

\

Since a minus sign can occupy any oné of

three locations in a {raction, notice that evaly-

/1) 2 -
ating - 5—) 1s equivalent to

12

+ 2! - 2 )
ot e e g

.

' The process of taking a root of'a number is
the inverse of, the process of raising the num-
ber to a power, and'the method .of taking the
root of a fraction is similar. We may simply
take the root of each term separately and write
the result as a fraction. Consider the following
examples:

. /%8 N 6
LI < S

Prictice problems. Find the values for the

indicated operations: . .
R ¢ R P

1. (3) 2. " 3. : 4, 3

. /16 16, e 9
S. 36 - 6. ‘58 1. ‘/;—7 > 8. ‘/;5

Answers:
1. 1/9 2. 9/16 3. 36/25 4. 8/27
5. 4/6 6. 4/5 7. 2/3 ‘8. 341"
DECIMALS ,

“When a decimal is raised to a power, the
number of decimal places’in the result is equal
‘to the number of places in the decimal multi-
plied by the exponent. For example, consider
(0.12)3. There are two decimal places in-0.12

and 3 is the exponent. Therefore, the numtler .

of places n the power will be 3(2) = 6. The re--
sult is as follows: ’ .

(0.12)% = 0.001728 -

“ The truth of thig rule is evident when we re-
call the rule for multiplying decimals. Part of
the rule states’ Mark off as many degimal-
Places in the product as there are decimal
places in the factors together. If we carry out

[} ¥

.,




the multiplication, (0.12) x (0.12) x (0.12), 1t is

obvious that there are six decimal places in thg

three factors togejher. The rule can be shown

for any decimal raised to any power by simply

carrying out the multiplication indicated by the

exponent. / i
Consider these examples:

(1.4)% = 1.96

(0.12) 2 = 0.0144

. (0.4)3 = 0.064

(0.02)2 = 0.0004 ‘ '
. 02?7 =0.04

Finding’ a root of a number is the inverse of
arajsmg a number to a power. To determine the
number of decimal places in the root of a per-
fect power, we divide the number of decimal
places in the radicand by the index of the root. .
Notice that this 1s just the opposite of what was
done 1n raising a number to a power.

Consider vV 0.0625. The square root of 625
1s 25. There are four decimal places in the
radicand, 0.062%, and the index of the root-1s 2.
Therefore, 4 - 2 = 2 is the number of decimal

places in the root. We have
~0.0625 = 0.25
H
Similarly,
V1.69°= 1.3 .
10027 = 0.3
¥i78 =12 >
4970001 - 0.1 . .

4

LAWS OF EXPONENTS

All of the laws of exponents may be devel-
oped directly from the definition of exponents.
Separate laws are stated for the following five
cases: -

Multiplication,

Division.’

Power of a power.

Power of ,a product. N\
Power of quotient.

[S Y SOV RN LR

MULTIPLICATION

N -

To il}ustrate the law of fnultiplication, we
examine the following problem:

»

DIVISION .

43 x42-2

Recalling that 43 means 4 x 4 x 4"and that 42
means 4 x 4, we gee that4 ls used as a factor five
times. Therefore 43 x 4% 1s the same as 45,
This result could be written as {ollows: 1

43 x 42 =4x4x4x4x4
= 45

Notice that three of the five'4's came from
the expression 4v and the other two 4's came
from the expressmn 42 ﬁ‘husze may rewrite
the problem as follows: )

43 x 41 = 4@

=45 . ¢
The law of exponents for multiplication may
be stated as follows: To multiply two or more
powers having the same base, add the exponents
and raise the common base to the sum of the

exponents. This law is further 'llustrated by
the following examples

2°x2%=2’

3x3%=3%

15 x 152 = 15°
102 X 100.5 = 102.5

-

Common Errors

~ It is important to realize.that the base must
be the same for each factor in order to ap })ly
the laws of exponents. For example, 23x3
neither 25 nor 35, There is no’way to apply the ‘
law of exponents to 4 problem of this kind. An-
other common mistake is to multiply the bases
together. For example, this kind of error m
the foregoing problem would imply that 23 x 32
is equivalent to 65, or 7776. The error of thlS

may be proved as follows: N
23x3%=8x9
72

4o

/. )
The law, of exponents for division may be
developed from the following example:-

ﬁxﬁxﬂxﬁxﬂxﬁxﬁ
FxBxpxphxB

2
= 6 . N N

67 - 6°




»

v

.

Canceéllation of the five 6's in the diyisor with
five of the 6's in the dividend leaves only two
6's, the product of which'is 62.
This result can be réached directly by noting
_ that 62 is equivalent to 6 (7~5). In other words,
we have the following: ~ ' .

»

= 6(7-5) . .
B

67 - 6.5'

.
r

62

Therefore the law of é'xponents for division 1s

as follows: To divide one power into another .

+ .having the sanie base, subtract the.exponent df

the divisor from the exponent of the dividend. '

Use the number resulting’ from this subtraction
as the expbnent of the baseé in the quotient.

Use of this rule sometimes produces a neg-
ative exponent or ah exponent whose value is 0.
These two special types of exponefits are dis-
cussed later in this section. T -

. ]

3

.POWER OF A POWER

. . Consider the éxample -(3%)*. Remembering
that an expcnent shows the number of times the

- base is to be taken as a factor and noting in -

this case ‘that 3? is considered the base, we
" have

(32)‘ = 3'2 . 32 . 32 . 32

,Also in multiplication we add exponents.. Thus,

4 2 2 2

I A
Therefore,
' (3%)* = 34"y E
: ' =38
Lol .
i

The laws of ex%::s for the power of a
power may be statéd as follows: To find the
power of a power, multiplff the exponents. It

should be noted that this case is the only one in
which multiplication of exponents is performed.

POWER OF A PRODUCT

- Consider the example (3 - 2 - 5)3. We know
that
3-2.5°=(@3.2.5(3-2.5(3.2.5

s

92

Thus 3, i,anq { appear three times each as
factors, and we can show this with exponents as
' 37, 23, and 5°. Therefore,

-

. (3-2-5%="3%.-23.5% ,

The law of exponents for the power of a
product is as follows: .The power of a product
is equal to the proggiuct obtained when each of
the original factor{ is raised to the indicated
power and the resulting powers'are muMtiplied

together.

~

|

N~

POWER OF A QUOTIENT

\
The law of exporients for a power of an indi-
cated quotient may b¢ developed from the fol-
lowing example: ’

A

3

© ' (Z),.=§.§.'2
o 377333 -
' 2.2 .-2 -
. T333
. 93 N i
Cd =§T 3 ~
Therefore, . ) ~
® - ‘
A3/ =37 ‘
> ' »

‘The law is stated as follows: The power of
a quotient is equal to the quotient obtained when
the dividend and divisor are each raised to the
indicated power separately, before-the division
‘is performed. :

.Prdctice problems.
lowing expressions to the indi

&

Raise each of the fol-

ted power:

- ~,

) k]
2 k] 2 3 * 2 -

2. 3% - 3? 4. (-3 6.3-2-1% . .

Answer‘s:, T o .
1. 3%, 25 . 5,184 .

. 1

2. 27 \

1 -
15 .

A (37 =129 . '

5.25 ° -

6.9 -4."49 = 1,764 -

’ 3

- 99

A9




SPECIAL EXPONENTS

Thus fa: 1n this discussion of exponents, the
emphasis hasbeen on exponents whichare pos1-
tive integers. There are two types of exponents
which are not positive integers, and two which
are treated as special cases even though they*
may be considered as positive integers.

v

ZERO AS AN EXPONENT

Zero-occurs as an exponent in the answer to
a problem such as 43 - 43. The law of expo-
nernts for division states that the exponents are
to be subtracted. This is-llustrated as follows:

-

~1(3-3)‘= 40 M

“t,l“‘.

.~

Another way of expressing the resylt of
dividing 4% by 43 1s to use the fundamental
axiom whxch states that any number divided by
itself is 1. In order for the laws of exponénts
to hold true in all cases, this must also be true
when any number ralsed to a power is divided
by itself. Thus 4%/4% must equal 1.

Since 4343 has been shown to be equal to
both 4°% and 1, we are forced to the conclusion
that 4° = 1,

By th€" same reasoning,
4

_el=1_ g0
g = 5 =5
Also,
o \
Therefore,
- =1 -

Thus we see that any number divided by itself
results in a 0 exponent and has a value of 1.
By definition thien,any number fother than zero)
raised to the zero power equals 1. This is fur-
ther illustrated iy.x.he following examples.

. 3% =1
~ 400° 5 1
0.02° = 1
(1)°_
, \5) =1
(vH® =1

3

ONE AS AN EXPONENT

The number 1 arises 4s an exponent sdme-
tismes as a result of division. .In the exarnple

%5 we subtract the exponents to get
5 =2 - 5 1

This problem may be worked ,another way as
follows: ¢ “

. 5 _8-8.5
N LA I S -
Therefore,
51 =5

We conclude that any number raised to the
first power is the number itself. The exponent
1 usually is noty wrltten but is understood to
exist.

.

NEGATIVE EXPONENTS-

If the law of exponents for division is ex-.
tended to include cases where the exponent of
the denominator i8 larger, negative exponents
arigse. Thus, @

»

-5 = 3-3

3
35 =

Another way of expressing this problem is as
. follows:

32 _ 3.2 1
3°F . F-3.3.3°3°
Therefore, /
-3'- 1. ¢ .
3 F ,

We conclude that a number N with a negative
exponent is equivalent to a fraction hating the
following form: Its numerator is 1; its denomi-
nator’'is N with a positive exponent whose abso-
lute value is the same as the absolute value of
the original exponent. In symbols, this rule
may be stated as follows:

.

- 1
N N*

-




_Also,

. '
) 1

- 2
-N°* ~ N
Th%ﬂowmg examples further 111ustrate
the rul - L
: ‘ -1 _ 1 ’
. 5 = 5
. -2 1
6 | =37
-12 _- 1.
e
! . 1 2
32 3

Notice that the sxgn of an exponent may be
changed by merely moving the expression which
contains the exponent to the other position inthe
fraction. The sign of the exponeht is changed
as this move is made. " For example,

.__1__. ; 1 < 1
1072 102
) T 102
. =1x 1
Therefore, ) . ‘ . .
’ 1102
) ~ 107 7 :

By using the forego;ng relationshxp, a prob-
lem such as 3 + 5% may be simplified as fol-

lows:
ﬁ3 = 3 x -;1
54 = \5\:
. -— 5— L
=3 x 1

= 3 x5
FRACTIONAE.EXPONENTS"

Fractional exponents obey the same laws as ,
do integral e:ponents For example,

V2 5 4V2 _ g(1/2+1/2)

42/2 -

. ,\\ =4l=4

Another way of expressing this would be

4] 2 X 41'2 = (41'2)2
s ’- . =,4(1/.2l2)
=4l =4

Observe that the number 4“2, when squared
in the foregoing example, ‘produced the number
4 as an answer. Recalling that a square root of
a number N is a number x such thatx?= N, we
conclude that 412 -is equivalent to ¥4. Thus
we have a defmmon, as folfows: A fractional
exponent of the form 1/r indicates a root, the
index of which is r. This i$ further illustrated
in the following examples: T .

2¥2 = V2 . .
PRy ' '
] 623 = (612)2 = ()2
Also, .. ’
6273 .= (62)1/3 = ¥38

" Notice that in an expression such as 8%° we
can either find the cube rootof 8 firstor square
8 first, as shown by the following example:

(81/3)2'= = if—6—4-=4l

2% = 4 and. (89"

All the numbers in’the’ evaluation of 8%3
remain small if the cube root$s found before
the number {s raised to the second power. This
order of operation is partzcularly desirable in
evaluating a number like 64 %¢, If 64- were first
raised to the fifth power, a large number would

result. It would require a great deal of unnec-
essary effort to find the sixth root of 645. The
result is obtained easily, if we wrzte Lt

. 64 5/6 = (641/6) = 25 = 32

If an improper fraction occurs-in an expo-
nent, such as 7/3 in the expression 27/3, it ig’
customary to keep the fraction in that form
rather than express it as a mixed number. In
fraction form, an exponent shows immediately
what power is intended and what root is in-
tended. However, 273 can be expressed in
another form and simplified by changing the
improper fraction to 2 mixed number and writ-
ing the fractional part in thé radical form as
follows:

97/3 _ g2+ 13 _ g2  o1/3 ‘=

sz Y

10

~

¢
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The law of exponents for multiplication may
be combined with the rule for fractional expo-
nents to solve problems of the following type.

\
PROBLEM: Evaluate the expression 425 .
SOLUTION: 47%% = 47 x 4°% .
<16 x 417
16 x 2
= 32 '

Py

Practice problems:
1§

1. Perform the indicated division: 2—2—
2. Find the product: 725 x 7110 yx 7310

3. Rewrite ‘with a positive exponent and sym-
phiy:~9-1 2

4. Evaluate 1003 2 . ’ .

5. Evaluate (8")°

Answers:
g 3
1,233 - 213 .7
2,781 —
1 i
3' gl 2 - 3 - »
4. 1,000 £ ) .
5.1 ‘

SCIENTIFIC NOTAX’ION
AND POWERS OF 10
Technicians, engineers, and others engaged
in scientific work are often required to solze
problems involving very large and very small ,
fumbers. Problems such as .

22,684 x 0.00189
0.0713 x 83 x 7

L}

- /

are not uncomjnon.
the rules of o’{gmary arithmetic is laborious
and” time consuming. Moreover, the tedious
anthmetxc process lends itself to operational
errors. Also there is difficulty’ in Iocatmg the
decimal point 1n the regult. These diffitulties
_can be greatly reduced by a knowladge of the
powers of 10 and their use:

Solvmg such problems by .

» The laws of exponents-form the basis for
calculation using pdwers of 10. The following
list includes several decimals and whole num-

-

bers expressed as powers of 10:

10,000 = 10° ' '
1,000 =.10° - -
100 = 102
.10 = 10;
. ) 1 = 10° - /
) 0.1 =107} '
‘ 001 =10"%  °
. 0.001-=1073
0.0001 = 107*

The concept of scientific notation may be

. demoﬁstra&ed as follows:

60,000 = 6.0000 x 10,000 -
= 6 x 104
538 = 5.38 x 100
= 5.38 x 102.

N

Notice that the final expression in each ‘gf
the foregoing examples involves a number be-

" tween 1 and 10, multiplied by a power of 10.

Furthermore, 1in eachrcase the exponent of the”
. power of 1 is a number equal to the number of
digits between the nel position of the decimal
point and the original position (uuderstood) of
the, decimal point.

. We apply this reaséning to write any number

J scientific notation; that is, as a number be-

tween 1 and 10 multiplied by the appropriate
power of 10. The appropriate power of 10 is
found by the following mechanical steps:

.7 1. Shft the decimal point to standard posi-

_txon which is the position immediately to the

right of the first nonzero digit. -
. 2. Count the number of digits between the
new position of the decimal point and its origi-
nal position. This number indicates the value
of the exponent for the power of 10.
3. If the decimal point is shifted to the left,
the .sign of the exponent of 10 1s positive; 1if the
de¢imal point is shifted to the right, the sign of

the exponent is negative. o

The validity of this rule, for those cases in
which the exponent of 10 is riegatwe, 1S demon-
strated as follows:

-




9
.

g 0.00657 = 6.57 x 0.001 - 5. 62,000 x 0.003 x 4,600 = ? .
= 6.57 x 1073 ' 62,000 = 6.2 x 10°
0.348 = 3.48 x 0.1’ B v 0.0 j =3x 107
e . e=3.48x 107 ’ 4,600 = 4.6 x 10°
Further examples of. the use of scientific 'I_‘herefore-,‘ . { .
notation are given as follows: 62,000 x 0,0003 x 4.600 = 6.2 x 3 _
543,000,000 = 5.43 x 108 X 4.6 x 107 x 107 x 100
, 186 = 1.86 x 102 ' = 85.56 x 10° .
\ 243.01 = 2.4301 x 102 ) = 85360
0.0000007 = 7 x 1077 ‘Pracuce.pr‘oblems Multiply, usmg povers
0.00023 = 2.3 x 1074 of 10. For the purposes of this exercise, treat
= o ! all numbers as exact numbers:
Multiplication Using Powers of 10 1. 10,000 x 0.001 x 100 &,
. »~
" From the law of exponents for multiplication 2. 0.000350 x 5,000,000 x 0.0004
we recall that to multiply two or more powers 3 3,875 x 0.000032 x 3,000,000 é;fg
to the same base we add their exponents. Thus, 4. 7,000 x 0.015 x 1.18 , f;“'
10* x 102 = 108
. Answers: ) L
We. see that multiplying powers of 10 together 1. 1.0 x 10°
is an application of the general rule. This is s
demonstrated in the Iollowmg examples, 2,70 x 107! - \ -
. 5
1. 10,000 x 100 = 10* x 107  ° 3. 372 x 10 -
= 104*2 4&,-1.869 x 102
' 4 )
. = 106 - Division Using Power K"
. g1 S'Q{, -
2. 0.0000001 x 0.001 = 1077 x 1073 The rule of exponents for division states
= 1077+ D that, for, powers of the same base, the exponent
< of the Hammétor is subtracted from the ex-
= 10710 . ponént of the numerator. Thus,
. 7
3. 10,000 x 0.001 = Vo‘# oy = 1077
. . ] = JB4-3 :
0437 = 104
= 10 é
- It should be rememberéed -that _powers may
4. 23,000 x 500 = ? be transferred from numeratdr to denominator
_ p " or from denominator to numerator by simply
23,000 B 2.3 x 107 ehanging the ‘sign of the éxponent. The follow-
“ 500 = 5 x 102 wl ing examples illustrate the use of this rule for
Therefore, o ) powers of 10: -
= 4 2 1. © 72,000 _ 7.2 x 104
23,000 x 500 = 2.3 x 10° x f X 102 0.0013 - 1.2 x 103
v =23x5x10"x 10
. -t e 7.2
= 11.5 x 10° = T3 % 104% 100
~" «
= 31,500,000 N =6x 107
X 126 . /




44 x 1074
11 x 10 % °

‘s =

“ X 10“ x 107

4 x 10

Cémbined Multiplicgtion and Division

Usmg the rules already ‘shown, multiplica-
tion and division’i involying powers of 10 may be
combmed. The usual method of solving such
problems 1s to multiply and divide alternately
unti} the problem 1s completed. For ex‘ample,

.36,000 &k 1.1 x 0.06
0.012 x 2,200

\

Rewrmng this problem in scientific notatien,
we have

’».
-

3.6 x10*x1.1x6 x.1o'2‘

1.2x 107¢ x 2.2 x 103

3.

x 1.1x 6

2x22 X110
9 x 10
90

Notice. that the ‘*elimination of 0's, wherever
possible, simplifies the computation and makes
it an easy matter to place the decimal point.

SIGNIFICANT DIGITS.—One of the most im-
portant advantages of scientific notation is the
fact.%hat it simplifies the task of determining
the number of significant digits in a number.

For example, the fact,that the number 0.00045
has two significant /digits is sometimes ob-
scured by the presgpce of the 0's. The confu-

sion can avoided by writing the number in
scxentmc notation, as follows:

~ 0.00045 = 4.5 x 107

_ Practice problems. Express the numbers in
the following problerps in sciegtific notation
and round off before performing the calculation.
In each problem, round off calculation numbers
to one more digit than the number of significant
digits in the least accurate number; round the

answer to the number of sxvmﬁcant digits in-

the least accurate number:

1. 7000063 x 50.4 x 0.007213 -

780 x 0682%0 .018 -

~0.015 x 216 x
72 x 0.0624 x O. 0353

3. 0.000079 x_0.00036.
29 x 10°°

»

2.

N~ -

21

Answers: { !
L4
1.°2.38 x 107°

. 3.64 x ’19

9.8 x 1072

Other Applications ]
LI}

The applications of powers of 10 may be
broadened to include problems involving recip- |
rocals and powers of products.

RECIPROCALS.—-The following examplcjm'%-

lustrates the use of powers of 10 in'the for
tion of a«reci(procal:

1
250,000 x 300 x 0.02 ‘§

25x10° x 3 x40 x 2 x 107°,

1073
S\

25x 3 x 2
1075
Rather than write .the numerator as,:0.00001,
write it as th€ product of two, factors, one of
which may be easily divided, as follows:

4

1

2 x 1077
15

10°%
15

100
15

6.67) x 1077
0.000000667 -

x 1077

POWER OF A PRODUCT.—The following
_example illustrates the use of powers of 10 in
finding the power of a product:

(8 x 10* x 2 x 105)2
82 x 2% x (10**5)2 -
64 x 4 x 10'®

‘256 x 10%8.

2.56 x 10%

(80,000 x 2 x 10%)?

RADICALS

An expression such as V2, ¥5, or Va + b
that exhibits a radical sign, is referred to as a
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RADICAL. We have already worked with ‘radi-

cals in the form of fractional exponents, but it

is also frequently necessary to work with them
r in the radical form. Thé word "radical" is‘de-
rived from the Latin word "radix," which means
"root."” The word "radix" itself is more often
used A modern mathematics to refer to the
base of a number system, -such as the base 2 in
the bindry system. However, the word "radical”
is retained with its original meaning of "root."

The radical symbol (V) appears to be a dis-
tortion of the initial letter "r" from the word
"radix.” With long ysage, the r gradually lost
its significance as a letter and became dig-
torted into the symbol as we use it. The vin-
culum helps to specify exactly which of the
letters and numbers following the radical sign
actually belong to the radical expression.

The number under a radical sign is the RAD-
ICAND. The index of the root (except in the
case of a square root) appears in the trough of
the radical sign. The index tells what ro t of
the radicand is intended. For example, in ¥32,
the radicand is 32 and th¢ index of the roct is 5.
“The fifth root of 32 is intended. In V50, the

Square root of 50 is intended. When the index
is 2, it is not written bu¢ is understood.

If we can find one square root of a numbeg
we can alwaysg~find two of them.’ Remember
(3)is9 and-(-3)? s also 9. Likewise,(4)? and
(-4) 2 both equal 16,and (5)? and (-5) both equal
25.. Conversely, V0 is +3 or -3, V16 is +4 or
-4, and V25 is +5 or -5. When we wigh to show
a number that may be either positive or nega-
tive, we may use the symbol ¢y which is read
"plus or minus."” Thus :3 means "plus or
minus 3." Usually when a number is placed
under the radical sign, only its positive root is
desired and, unless otherwise specified, it is
the only root‘&at need be found. '

”

" GOMBINING RADICALS

A number-written in front of another number
and intenged as a multiplier is called a COEF-
FICIENT. The expression 5x means 5 times X;
il)y_means a timesy; and 7 V2 means 7 times

2.' In these examples, 5 is the coefficient of
X, a is the coefficient of y, and 7 is the coeffi-*
cient of-+/2. ‘ -

Radicals havingthe same index an# the same
radicand are SIMILAR. Similar radicals may
have different coefficients in front of the radi-

cal sign. For example, 3 V2, ¥Z, and 31- NZ

b

.,,E

" are similar radi¢als. When a coefficient is not
written, it is understood to be 1. Thus, the co-

efficient of ¥ 2 is 1. The rule for adding radi-
cals is the same as that stated for adding de-
nominate numbers: Add only units of the sanie
kind. For example, we could add 2 ¥3 and-
4 V'3 because the "unit" in each of these num-
bers’is the same (‘J}_L. By ‘the same reasoning,
we could not add 2 ¥3 and 4 V5 because these
are not similar radicals.

Addition and Subtraction .

When addition or subtraction of similar rad-
icals is indicated, the radicals are comb ed by
adding or ‘subtracting their coefficients and
placing the result in front of the radical. Add-
ing 3 V2 and 5 7 is similar to adding 3 bolts
and 5 bolts. The following examples illustrate
the addition and subtraction of similar radical
expressions:

1. 3ﬁ+5\/_2'=8\/_2'.

2. 1/2 (V%) + 1/3(¥3) - 5/6 ()
3. V5 - 6N5 + 245 = -34VF
4. 5VT 23T+ 13T =0

L

Example 4 illustrates a case that is some-
timestroublesome. The sum of the coefficients,
-5, -2, and 7, is 0. Therefore, the coefficient
of the answer would be 0, as follows:

3
ONT) =0 x 7

v

Thus the final answer is 0, since 0 multiplied

* by any quantity is still 0.

Practice problems. Perform the indicated

operations: 4
1 avS - VT, 593

2. %’JF+ ‘:/’F

3 5.6 35

4. -2V10 - 7V 10

Answers
1..8 V3 ) 3. -5 3%
2. 3% 4. -9 N 10

o




Multiplication and Division
. If a radical is written immediately after an-
other radical, multiplication is intended. Some-
times a dot is placed between the radicals, but
“not always. Thus, either v7 - v1I or v V1T
means multlphcatlon

When multiplication or division of radicals
1S indicated, several radicals _having the same
“index can be combined into one radical if de-
sired. Radicals having the same index are said
to be of the SAME ORDER. For example, V2
is a radical of the second order. The radicals
V2 and V5 are of the same order.

If radicals are of the same order, the radi-
cands can be multiplied or divided and placed
undér one radical symbol. For exam le, v§
multiplied by ~ "3 is the same as 5 x 3, Also
V6 divided by ~¥3 is the same as V6 - 3. If
coefficients appear _before the radicals, they
also must be included in the multxphcatlon or
division. This is illustrated in the following
examples:

1. 2v2.3V5 =2.¥2.3.45 ¢
' 2.3V2.VF
2.3V2.5
6 V10

15\/—6-=.l.'§ xl/—.g
3IV3 3 3

=5xv2
=52

* It is important to note that what we ha
said about multiplication and division does,{&t

apply to addition. A typical error is to treat
v9 ¥ 4

the\v/e}gpressi_og as if it.were equivalent
to + N 4. These expressions cannot be
equivalent, since 3 + 2 is not equivalent to V13,
FACTORING RADICALS.—A radical can be
split into two or more radicals of the same or-
der if the radicand can be factored. This is
illustrated in the following examples:

1. V20 = VE.45 =.2 vF
So. ¥53 = T
VT.ANE

337

SIMPLIFYING RADICALS

Some radicals may be changed to an equiva-
lent form that is easier to use. A radical is in
its simplest form when no factor can be re-
moved from the radical, when there is no frac-
tion under the radical sign, and when the index .
of the root cannot be retiuced. A factor can be
removed from the radical if 1t occurs a number
of times equal to the index of the root. The fol-
lowing examples illustrate this:

1. V28 = 22,7 = 2 47
2. 57—“ J? 3(«/“2)
‘\/16 2(\[5) 4

Removing a factor that occurs a number of
times equal to the index of the root is equiva-
lent to separating a radical into two radicals so -
that one radicand is a perfect power. The rad-
ical sign can be removed from the numbef that
is a perfect square, cube, fourth power, etc.
The root taken becomes the coefficient of the
remaining radical.

In order to simplify radicals easily, it is
convenient to know the squares of whole num-
bers up to about 25 and a few of the smaller
powers of the numbers 2, 3, 4, 5, and 6. Table

.2 shows some frequently used powers of numbers.

1§

Table 2.—~Powers of numbers.
=t

142
152
162
172
182
194
202
212
222




'
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Table 2.—~Powers of numbers—=continued.
4 2= 3l. 3
22 =4 3.
23 =38 3% =27
24 = 16 n 7 34=81
2% = 32 35 =243
26 = 64 T
\ ©)
27 = 128
2% = 256 -
(B)
41 =4 5! = 5
42 = 16 52 = 25
43 = 64 53 =\125
44 = 256 . 54 = 625
(D) (E)*
1 ! ‘
61=6
6%= 36
6°= 216 .
-
«  (F)

) Bgfe_rring to table 2 (A), we see that the
series of numbers

1, 4,9, 16, 25, 36, 49, 64; 81, 100

comprises all the perfect squares from 1 to 100
inclusive. If any one of these numbers appears
under a square root symbol, the radical sign
can be removed immediately. This is illus-
trated as follows: o .

NZE =5 o
. -— ‘ ‘81 = 9 5
A radicand such as 75, which has a perfect

square (25) as a factor, can be simplified ag
follows:

NT5 =25 -3
=25 . N3
5 N3

-~ -

This procedure is further illustrated in the fol-
lowing problems: '

1. NGE=vF- 7T
, Vi 7
2 VT
2. VT2 = N36 - 2

-

]

By reference to the perfect fourth powers in
table. 2, we may simplify a radical such as
J405. “Noting that 405 has the perfect fourth
power 81 as a factor, we have the following:

a5 - Y515 , :
= 3 (V5) . .

A ]

As was shown with fractional exponents,
taking a root is equivalent to dividing the expo-
nent of a power by the index of the root. If a
factor of the radicand has an exponent that is
not a multiple of thé index of the root, the fac-
tor may be separated so that one e(cponent is
divisible by the index, as in

V37 V353 = 362.312 2 33,

N3 =

Consider also

VZT 23535

V23.37.5 =
=2.33(v2.3.9)
5¢ V30

il

If the radicand is a large number, the per-
fect powers that'are factors are not always ob-
vious. In such a case the radicand can be sepa-
rated into prime factors. For example,

3= 21VF

S

V8,820 = V27 -32-5-172
' =2.3.1V3
= 4245

Practice problems. Simplify the radicals
and reduce to lowest terms:

1L.NT. N5, 3. 18(370)
e 3(¥10)
2. I81 4. VBB .
T vigo -




Answers:

3. 6(¥3)
4. 1

RATIONAL "AND
IRRATIONAL NUMBERS (
Real and 1maginary, numbers make up the
number system-of algebra. Imaginary numbers
are discussed .in section 5 of this pamphlet,
Real numbers ate either rational or irrational.
The word RATIONAL comes from the word
“ratio.”” A number is rational if it can be ex-

pressed as the quotient, or ratio, of two whole.

numbers. ~ Rational numbers. include fractions
like 2.7, whole numbers, and radicals if the
radical’sign is removable.

Any whole number 1s rational. Its denomi-

natoris 1. For mstance 8 equals %, which is

the quotient of two integers. A number like
~16 1s rational, smce 1t can be expressed as

the quotient of two 1nteg;rs in the form %’ The

: followmg are also examples’ of rational numbers:
- ]
/2. which equals 5

-6, which equals 316—

52,, which equals %

Any rational number can be expreésed as the
quotient of two integers in many ways <For
example,

An IRRATIONAL number 1s a real number
that cannot be expressed 38 the ratio of two in-

tegers The numbers 3, 5 VZ, ¥7, —3~/20.,

and &% \;5 are examples of u-ratxonal numbers

! .
Rationalizing Denominators *

- ¢ . )
Expresswns such as 7%— and 5—'\'52—5haye ir-

. rational numbers in the, denominator. If the

C

o7

" denominators are changed immediately to deci-

4

L
V3

‘tion is 2, which is rational.

mals, as in . \

S
VT T 1.4142

- - .
the process of evalyating a fraction becomes an
exercise in long division. Such a fraction can
be evaluated quickly by first changing the de-
nominator to a rational number. Converting a
fraction with an irrationa} number in its de-
nominator to an equivalent fraction with a za-
tional number in the denominator is called
RATIONALIZING THE DENOMINATOR.

Multiplying a fraction ‘by 1 leaves the value
of the fraction unchanged. Since any number
divided by itself equals 1, it follows, for exam-
ple, that

7 o NeT

— =1

V2

o ¥
If the numerator and denominator of ::% are

each multiplied by V2, another fraction having
the same value is obtained, The result 18

The denominator of the new e(;uivalent frac-
The decimal value
of the’f_raction is :

7 '2‘/7= 7(1-314—2) = 7(0.7071) = 4.9497 f ,
|

To rationalize the denominator in

N2
-3- we:

multiply the numerator and denommator by V3.~

Practice problem's. Rationalize the denomi-
nator-in each of the following: .

2

T

9 N5
T N7
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: -cal;:ulam?

*Bring down the next group.(25}) and p

* Answers: : v , A
<.
£.3vTY - 3.

V15 - C6NY -
2...——3———5
o N ; L

- EVALUATmG RADICALS

Any radical expressio§ has a‘decunal equlv-

alent which- may be' exact if the radicand.isa - °

rattonal, number. If the radxcand is not rational,
the root may be expreSsgd as a decimal ap-
-prox:.mation, but it eagenever be exact. A pro-
cedure s1m11ar to long thvisxon may bé used for -
square root' and cube root, and
higher* rdot may be calculated by .rpeans ‘of
methods based on'logafithms and higher math- *
‘ematics. Tables of powers and roots have been
calculated for use in those scientific fields in
which it is frequently -necessary to work
rogts. . R Y

SQUARE ROOT PROCESS -

The arithmetic process for calculation of
square root is outlined in the following para-
graphs:

1. Begin at the decimai point and mark the
number off into groupsof two digits each, mov- “
ing both to the right and to the left from the.
decimal point. This may leave an odd digit at

"the right-hand or left-hand end of the number,
or both. For example, suppose that the number\

whose square root we seek is 9025. Thé num-
ber marked ‘off as specified would})e as follows:

Y-8

2. ‘Find the greatest: number whose square
is contained in the left-hand group (90). This .
number is 9, since the square of 9 is 81. Wrg;
9 abeve the first group. Square this number 9),
place its square below the left-hand group, and
subtract as folloy/s‘

4

5. . !

®

r-a:lto

9
3

ol

25

side the 9, as shown. This is the new dividend
{925). , v
\

3. Multiply the first digit in th¢/ root (9) by

20, obtaining 180 as a tr/ial divisgf. “This trial
>

-
are,

" numbers which have been rounded off.

33

Ve

" divisor 1s contained in the new dividend (925)
~ five times: thus the_second digit of the root ap-

* pears to b owever, this number must be
added to !«he trial d1v1sor to obtain 3 “true
divisor.” If thé true divisor is then too ,large
tq.ust'with the sacond quotient digit. th;s digat
m\st he reduced by 1. The proceduke for step 3
s LLu trated as follows .

N g 5.0
T ~N90'25. .
S USRI
- 180 - 9 25 ,
’ 185 925 -
. . o+ 000

~

The. number l80/re'su4tingt"from the multi-

°phcatlon of 3 by 20,15 written as a trial divisor

dividend (925), as shown, _Thg
%) 1s then recorded and the trial
The tr:al

be51de the neW
quétient digit
divisor 1s adjusted, becoming.185.
quotient .(180) is drossed out, -

. =4, They true divsor (185) is mulnplied by *

the second digit. (5) and the product is placed
below . the new dividehd (925).
shown in the illustration™or step 3. When the
product inf step, 4 is subtrdeted .from the new
dividend, the difference is 0; thus, in this ex-
ample, the root is exact.

5. In some problems, the difference xs not 0

after all of the digits of the original number
"have been used to form new dividends. SSuch

problems may be carried further by 0's
on the right- hngr;? of the original number,
just as in normal Poag division. Mowever, in
-the square root process, the 0's must be added
and used in groups of 2.

Practice problems. Find the square root of
each of the following numbers: *

1. 9.61° 2. 123.21 , 3. 0.0025
JAnswers: . ‘
1. 3.1 N % 3. 0.05 °

TABLES OF ROOTS

The decimal values of square roots and cube
roots of numbers with as many as 3 or 4 digits
can_be found from tables. The table in appen-
dix I of this pamphlet gives the square roots and
cube roots of numbers from 1 to 100. Most of
the values given in such tables are approximate

\

This step is -
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For example. the fourth column in appendix I
shows that \ 72 - B.4853, to-4 decimal plac'?/

By . shifting the decimal point, we can obtdin
othér square reuts A sr)ift of two places in the

- ‘decimal point 1n the radicand corresponds to a

shiftrof one place -1n the same direction in the
square root. i

The. [ollowing exatiples show the effect, as
reflected in the square ropt, of shifting .the.
lucation f the decimal point~in the number’
whose squage root xyeek: -

[
-

- \72 = 8.4853 >
o D2 = 0,84853°
. * \T00TZ = 0.084853
o 7,200 = 84.853 ,
™~ ~
Cube Rvok)t ) ' . T

» The {ifth column in appendix 1 shows that the

cube root ofJ72 15 ¢:1602. By shifting the deci-
mal point we immediately have the cube roots
of certain _other numbers involving the same
digits. A Lhift of three places 1n the decimal
point in the radicand corresponds to a shift of
oné place in tha same direction in the cube
root: '

.

/

Compare the follow/i/ng ex:}mgles’:i L
P

77 = 41602
. 1
¥0.072 » 0.41602 J
\ AT37000 - 41.602

4

Many-irrational numbers 1n their simplified
forms wnyolve 2 and \3. Since these radicals
occur often, 1t i$ copyenient to remember their
decimal equivalents$ as follows: -

N .
X V2 = 1.4142 and V3 = 1.7321

"Thus any irrational numbers that do not contain

any radicals other than v2 or ¥ 3 can be con-
verted to decimal forms quickly without re-
ferring to tzbles. -\ L

For example, consider \' T
T2 = 642 = 6(1.4142) = 8.483
* W27 = 33 = 3(1.7321) = 5.196

_}gg"ep/lﬁ mind that the decimal equivalents of
v2 dnd "3 as used in the foregoing examples
are not exact numbers and the results obtained
with them are approximate in the fourth deci-
mal place. '

’ P - . -
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LoéAmyﬁms AND THE SLIDE RULE

3

. Logp.rithms represent a specialized use of
exponents. By means of logarithms, computa-
tion with large masses of data can be greatly
simplified. For example, when logarithms are

, used, the process of multiplication is replaced
o ﬁby simple addition and division is replaced by.
subtraction. Raising to a power by means of
logarithms is done in a single multiplidation,

. and extracting»& root reduces tp simple division.

)- DEFINITIONS
In the expnession 23'= 8, the number 2 is
the base (fto be confused with the base of the

number s
must be used with the base to produce the num-
ber 8. The exponent 3 is the logarithm of 8
when the basg is 2. This relationship is usually
stated as follow3T The logarithm of 8 to the

 base 2 is 3. In:general, the logarithm of a
number N with respect to a given base is the
exponent which must be used with the base to
produce N, Table 3 {llustrates this.

Table 3.—Logarithms with vartous/bases.

Exponential formy_ I.]ogarithv(ic form
23 = 8’
] Pt4?= 16
5% =1
L2123 =9 )

- Table 3 shows. that the /logarithmic rela-
tionshipmay be expressed eqpially well ineither

' of two forms; these are th¢ exponential form
and the logarithmic form. [ Observe, in table.
3 that the base of a logarithmic expression
1s indicated by placing a gubscript just below
and to the right of the abb/feviation "log.”" Ob-
serve also that the word 'logarithm' is abbre-
viated without using a period.

(4

tem), and 3 is the exponent which

K¢
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The equivalency'of the logarithmic and ex-
ponential forms may be used to restate the fun-
damental definition of logarithms in its most
useful form, as follows:

Al )
b* = N implies that log, N = x

In words, this definition is stated as follows: If
the base b raised to the'x power equals N, then
X is.the légarithm of the number N to the base b.

One of the many uses of logarithms may be
shown by an example in which the bage is 2:

" Table®4 skows the powers of 2 from 0 through

20. Suppose that we wish td use Iégarithms to

multiply the numbers 512 and 256, as follows:.

From table 4, 512 = 29
T _ n8
‘ . - 256 = 2
Then 512 x 256 = 2° x 28
. v =917
2V = 131072

“and’from the table a@in

It is seen that’the problem of multiplication

is reduced to the simple addition. of the expo-
nents 9\and 8 and finding the corresponding
power in the table. *

Table 4 (A) shows the base 2 in the expo-~
nential ‘form with its ‘corresponding powers.
The actual computation in logarithmic 'work
does not require that we record the exponential
form. All that is required is that we add th
appropriate exponents and have available a'

table in which we can look up the number cor-"

responding to the new exponent after adding.
Therefore} table 4 (B) 1s adequate for our
purpose. Solving the foregoing example by this
table, we have the following:

log, 512 = 9
log, 256 = 8
Jog, of the product = 17 _
Therefore, the number we seek is the one in
the tableg®hose logarithm ig, 17. This number
is 131,072.¥In this example, we found the expo-

nents directly, added them since this was a
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Table 4.—Exf;onentia1 and loga‘z:tthmlc
tables for the base 2.

~< (A) Powers of 2 from (B)l)aI;Zg;r;;l:jﬁ::s for the

-0 through 20 sponding pogz?;'es-

Log . Number

S 9

29 = 1 0 ) r

g’ = 2 1 2

] _:' gf = .4 2 "4
. /3 = 8 ’ 3 . 8
24 = 16 4 16

2% = 3 5 32

26 = 64 6 64°

27 =~ 128. 7 128

¢ 2% - 256 "8 256

20 - 512 9 512 p

210 = 1024 10 1024
\\’w1= 2048 11, 2048
212 = 4096 12 4096

213 - gig2 13 8192

2% = 16384 14 16384
215" 32768 15 32768

2% = 65536 16 65556

2V = 131072 17 131072

2'® = 262144 18 262144 -

5“9 = 524288 19 524288

22 = 1048576 20 |£1048576

>

multiplication problem, and located the corre-
sponding power. This avoided the unnecessary
step of writing the base 2 each time.

Practice problems. Use the logarithms in
table 4 to perform the folloydng multiplication:

1. 64 x 128 3.%128 x 4,096
2.°1,024 x 256 4. 512 x 2,048

k]

Answers: N
1. 8,192 - 3. 524,288
2. 262,144 T 4. 1,048,576

r

' B '\r
NATURAL AND COMMON LOGARITHMS

Many natural p’henomena, such as rates of
growth and decay, are most easily described in
terms of logarithmiz or exponential formulas.
Furthermore, the geometric’patterns in which
certain seeds grow {for example, sunflower
seetls) is a logarithmic spiral. These facts ex-
plain the name "natural logarithms." Natural
log®ithms use the base e, which is an.irra-
tional number approximately equal to-2.71828. |
This system is sometimes called the Napierian
system of logarithms, in honor of John Napier,
who is credited with the invention_of Jogarithms,

To distinguish natural logarithm?from other
logarithmic systems, the abbreviation 1n is
sometimes used. When 1n appears, the base is
undegstood to be e and need not be shown. For
example, either log._ 457 0r 1n 45 signifies the
natural logarithm of 45. .

COMMON LOGARITHMS

As has been shown in preceding paragraphs,
any number may be us®d as a base for a system
_of logarithms. The selection of a]base is a
matter of convenience. ‘Briggs in 1617 found
that base 10 possessed many advantages not
obtainable in ordinary calculations with other
bases. The selection of 10 as a base proved so
%atisfactory that today it is used almost exclu-
sively for .ordinary calculations. Logarithms
with 10 as a base are;therefore called .COM- .
MON LOGARITHMS. -

When 10 is uskd as a base, it is not neces-
sary to indicate it in writingglogarithms. For
example, .

log 100 = 2 - : .

is understood to mean the same’'as

T

- log ,, 100 = 2

If the base is other than 1, it must be speci-
fied by the use of a subsc{:;ipt to the right and
below the abbreviation "ldg.”* As noted in the
foregoing discussion of natural logarithms, the
use of the distinctive abbreviation 1a elimi-
nates the need for a subscript when the base
is e.
It is relatively easy to convert common Iog-/
~arithms to natural logarithms or vice versa, if ~
%cessary. It should be noted further that each
stem has its peculiar advantages, but for
most eveﬁryday work, the common system is

, 36 112 . . ‘

N .
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- more often used. A simple relation connects 1 & - 0.4343 . ) \
the two systems. If the common’logarithm of a 2.3026 ’ >
mber can bé found, multiplying by 2.3026
{ves the natural logarithm of the number. For Positive Integralillogarithms
ample, ‘6‘,

0.9041 . ) The derivation of- positive whole logarithms

log 1.60 = . -
is,readily apparent. For example, we see in
, In 1.60 = 2.3026 x 0.2041 table 5 (B) that the loggrithm of 10 i{s 1. The
v : 0.4700 . number 1 is simply the exponent of th& base 10
N . : . which ylelds 10. This is shown in table 5 {A)
Thus the natural* logarithm of 1.60 is 0.4700, opposite the logarithmic equation. Similarly,
correct to four significant digits. S 1092 1 S oo 1 - 0
Conversely, multiplying the natural loga- ‘ Tl og 1=
rithm by 0.4343 gives the common logarithm of 102=100......... log 100 = 2
a number, As might be expected, the conver- 3 ’ _
' sion factor 0.4343 is the reciprocal of 2.3026. ° 107 = 1,000 ...... lqg 1,000 = 3
This is shown as followst ] 104 = 10,000. .. o log 10,000 = 4 3

Table 5.—Expone2tial and correSponding \o'garithmic notation%using base 10:

v
107 - %4 = 0.0001 \ log #0001 = -4 - )
. /s
. e / ,
1073, = Té‘E = 0.001 log 0.001 = -3
. .Y
. : . 1 . . '
1072 = ko = . 0.01 ' lo 0.01 = -2
. ' - . 102, RS L ) h . e -7 .
/‘ : 107! =%— , = 0.7 log* s 0.1 = -1 ¢
H : =12 1. : \{i— B . A
B = . .0.31623 Mg 0.31623 = -0.5
~N10 10 . N
. - ) = 0.5 -1 )
. > : 10° = 1 log 1 =0 Y
[ 4
10¥2 = V1o = 3.1623 log  ,¢3.1623 = 0.5
10! s 10 . log 10 =1
A ,
102 = 10410 -  31.623 log ~ 3L62TT < 1.5
LA *
102 = 100 log< ““100 =2
N . L ‘
102 = 102 (¥10) =  316.23 log 316.23 =25
L 10° = 1,000 log 1,000 = 3
1072 =103 (V10) » = 3162.3 log 3162.3 =35
10* = 10,000 : log 10,000 ~ = 4 :

v
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) Positive Fractional Logarithms Table 5 shows logarithms for numbers
- ranging from 0.000] to 10,000. . Notice that
* ) Raferrlng to table 5, notice that the loga- there are only 8 integral logarithms in the en-
rithm of 1 is 0 and the loga.rithm of 10 is 1. tire range. Excludmg zero logarithms, the
Therefore, the logarithm of 2 number between _logarithms for all other numbers in the range
‘ < 'l and 10 is between 0 and 1. An easy way t:)/\-z'e fractional or contain a fractional part. By
Py verify this is to consxder SO numbers be the year 1628, logarithms for all integers from
. tween 1 and 10 which are powers of 10; the ex- 1 to 100,000 had been computed. Practically
ponent in each case will then be the’ logarithm all of -these logarithms contain a fractional
we seek.® O course,  the only powers. of 10 It should be remembered that finding the
which produce numbers between 1 and 10 are - ithm of a number is nothing more than ex-
. fractional powers. ' pressing the number as a power of 10. Table ) N
MPLE: ov? - 62 tel 6 shows the numbers 1 through 10 expressed ‘
EXA 1 3.1623 (approxxma y) as powers of 10. Most of the exponents which |
1095 = 3, 1623 ’ comprise logarithins are found by methods be- s
g £ |
" Therefore log 3.1623 = 0.5 - . yond the scope of this text. However, it is not
. ’ N o necessary to know the process used to obtain
X Other g;(amples are shown in the table for logarithms it order to make use of them. bl
10%2, 1052, and 10772, Notice that the num-
ber that represents 10%%, 31.623, logically Table 6. —The numbers 1 through {0 .
enough lies between,the Tumbers representing expressed as powers of 10. ‘
10+ and 10%—that 1s between 10 and 100. No- > =
tice also that 10 %2 appears between 102 and T 1=10% T § = 1007785
103, and 10 lles between 10° \and 10*. P 100_50103 . =°100_“m - .
_.Negahve Lo anthms ” 3 = 10047712 § = 10099309 .
: Table 5 shows that negatlve powers of 10 y 0.60206 ) s5420 :
- ’ may' be fitted into the system of loganthms 4=10° . 9 = 10094
- We recall tHaf 10" means %, of the decdimal 5 = 100-6%997 " 10 =/10" .

{ fraction 0.1. What Tjthe logarithm of,0.1? : o N
< ) .~ COMPONENTS OF L o

SOLUTION: 107! = 0.1; log 0.1 = -1

’fhe fractional part of a logarithm is usually

, Likewise 1072 = 0.01; log 0.01 = -2° ritten as a decigtal. The whole number part
. ol_a logarithm and the decimal part have been
Negative Fractional Logarithms givén separate names because each plays a
e . Notice in table 5 that mgative fractional special part in relation to the number which the
logarithm represents. The whole number part
exponents present no new problem in loga- . )
- rithmic notation. For example, 10~!'2means of a logarithm is called the CHARACTERWTIC.

This part of the logarithm shows the POE

1
— the decimal point in the assocxated, ay
Y 10 The decimal part of a logarlthm is talled ih_,,
. MANTISSA.
1 _ ‘/E 31623 For a particular sequence of digits making
V10 10 up 2 number, the mantissa of a2 commpn loga-

. ’ . rithm is always the same regardleds of the

What is the logarithm of 0.31623? position of the decimal point in that number.
) For example, log 5270 = 3.72181; the mantissa

SOLUTION: is 0.72181 and the characteristic is 3.
1072 = 0.31623; log 0.31623 CHARACTERISTIC

* The characteristic of a common ldéa.rithm
shows the position of the decimal point in the

1]
t

n
]
o©
o
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associated number, The characteristic for a
given number may be determined by 1nspection.
It will be remembered thata con:mon logarithm
is sxmply an exponent of the base 10,

‘When we write log 360 = 2.55630, we under-.
stand this to mean 102 3%%¥>: 360, We know
that the numiber 1s 360 and not 36 or 3,600 be-
cause the (mractenstm 1s 2. We know 10'
10. 107 1s 100, and 10} 1s 1,000. Therefore,
the number whose value 1s 102 563" must e
between 100 and 1.000 and of course any nuni-
ber 1n that range has 3 digits.

Suppose the charactenstm’(ad been 1. where
would the dec1mal point in the number be
placed? Since 10'1s 10 and 102 1s 100, any
number whose logarithm is between 1 and 2
must lie between 10 and, 100 and will have 2
digits. Notice how the position of the decimal
point changes with the value of the character-
1stic in the followinx examples: .

log 36.000 = 4.55630
log 3,600 = 3.55630
log 360 = 2.55630
log 36 =J.55630

log 3.6 = 0.55630

rd

]

Note that it 1s only the characteristic that
nges when the decimal point 1s moved. . An
advantage of using the base 10 1s thus revealed.
If the charactersistic is known, the decimal point
may easily be placed. If the number 1s known,
the characteristic may be deterniined by in-
spection: that 1s, by observing the location of
the decimal point. )
Although an understanding of the relation
of the characteristic to the powers of 10 1s
necessary. for thorough comprehension of logadl

uthms the characteristic may be determine
mechanically by application of the following
rules:

1. For a number greater than 1, the charac-
teristic 1s positive and 1s one less than'the
number of digits to the left of the decimal point
in the number, -°

2. For a positive number less than 1, the
characteristic 1s 'negative and has an-absolute
value one more than the number of zeros be-
tween the decimal point and t{(e first nonzero
digit of the number.

Table 7 contains examples of each type of
characteristic.

Practice problems. In problems hrough
4, write the characteristic of the og@}m for

each number. In 5 through 8, place the décimal

“ Table 7.—Positive and negative characteristics.

-

Digits' in number .
Characteristic

ygmber Power of 10 to the left of
R . ’ decimal point
- ¢ Bet%‘en/: !
3

134 ¢ e o0 10 :5# 3 2

13.4 19" and 102 2 1 R

/
1.34 10° and 10! ‘ 1 0
Zeros bet\yeen //V\J
decimal point . )
' and first non-

. zero digit

0.134 107! and 10° . 0 -1

0.0134 10-2 and' 107! 1 ' -2

0.00134 10 % and 1072 "2 3

Q" . v — T
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-point 1n each number as indicated by the char-
acteristic.{c) given for each.

IR 54
1. 4,321 2. 1.23 3. 0.05 4, 12
5. 123: ¢’ = 4 DT 6.8210; ¢ = 0
* 7.8 ¢ = -1 ' 8. 321: ¢c = -2
Answers:}
1, 3 2,0 3. -2 4. 1
5. 12,300 6. 8.210 7. 0.8 8. 0.0321

Negative Characteristics

When a characteristic is negative, such as
-2, we do not carry out :pe subtraction since
this would involve a negative mantissa. There
are several ways of indicating a negative char-
acteristic. Mantissas as presented in appendix
I are always positive and the—sign of the char-
acteristic is indicated separately. For example,
whefe log 0.023 . = 2,36173, the bar over the
2 findicates that only the characteristic is neg-
attve—that i{s, the logarithm is -2 + 0.36173.

Another way to show thg negative charactgt-
istic is to"place it after the mantissa. In %his
case we write 0,36173-2. :

A third method, which is used where possi-
ble throughout this section, is to add a certain
quantity to the characteristic and to subtract

the same quantity to the right of the manu'ss;./‘

In the case of the example, we may write:
2.36173 ‘
10 -10
8.36173-10

] . .
In this way the value of the logarithm remains
the same, but we now have a positive character-
istic as well as a positive mantissa.

MANTISSA

¢ L

The mantissa is the decimal part of a loga-
rithm. Tables of logarithms usually contain
only mantissas since the characteristic can be
readily determined as explained previously.
Table 8 shows the characteristic, mantissa,
- and logarithm for several positions of the deci-
mal point using the sequence of digits 4, 5, 6.
It will be noted that the mantissa remains the

~

same for that particular sequence of digits, re-

&gardless of the position of the decimal point.
' [}

40
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Table 8. - Effect of changes 1n the
location of the decimal point.

Number (t::xi?gicc- Mantissa | Logarithm
45,600 4 0.6590 | 4.6590
4,560 3 0.6590 ' | 3.6590

456 2 0.6590 | 2.6590
. 45.6 B 0.8590 | 1.6590 -

DR
4.56 0 0.6590 | 0.6590
0.456 -1 0.8590 | 0.6590-1
10.0456 | -2 | 0.6590 | 0.6590-2
0.00458| -3 0.8590 | 0.6590-3

Appendix 1 of this pamphl‘gt Is a table
which includes the logarithmis of numbers from
1 to 134, For our present purpose In using this
table, we are concerned only with the fir$t and
sixth columns. -

The first column contains the number and
the th column contains its logarithm. For
exapiple, if it is desired to find the logarithm
of 45, we would find the number 45 1n the first
umn, look horizontally across ‘the page to
column 6 and read the logarithm, 1.85321. A
glance down the logarithm column will reveal
that the logarithms increase in value as the
numbers increase in value.

It must be noted in this particular table that
both the mantissa and- the characteristic are
given for the number in the first column. This
s simply an additional aid since the charac-
teristic can easily be determined by inspection.

Suppose that we wish to use the table of
Appendix I to find the logarithm of a number
not shown in the "number" colufin. By recall-
ing that the mantissa does not chahge when the
decimal point moves, we may be able to deter-
mine the desired logarithm. For example, the
number 450 does not appear in the number col-
umn of the table. However, the number 45 has
the same mantissa as 450; the only difference
between the two logs is in their characteristics.
Thus the logarithm of 450 is 2.85321.

. Practice problems. Find the logarithms of
the following numbers:

” -’

n
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1. 64 2. 98 . 3. 6400 ‘4. 9.8
; Answers: i ‘
1. 180618 2, ,1.9;)123 -
3. 3.80618 4. 0.99123
¥ THE SLIDE RULE -

In }1620. not luny after the irvention of loga-
rithms, Edimond Gunter shoived how logarithmic
calculations could be carried out mechanically.
This 1s done by laying off lengths on a rule,
representing the logarithms of numbers, and by
combining these lengths gn various ways. The
idea was developed, and with the contributions
of Mannheim in 1851 the slide rule came into
being as we know it today.

The slide rule 1s a mechanical device by
which we can carry out .any arithmetic calcula-
tion with the exception of .addition and subtrac-
tion. The most common gperations with the
shide rule are multiplication, division, findirig

Qe squar®e or cube of a number, and finding the

square root or cube root of a number. Also
trigonometric* operations \are .frequently per--
formed. The advantage of the slide Tule 1s that
1t can be used with relative ease to solve com-
plicated projgems. One -limitation is that it
will g#ve results with a maximum of only three
accurate significant digits. This is sufficient

., in mostgalculations, however, since most ph

¢

“significant digits.

ical constants are only correct to two or thi¥e
When greater accuracy is
required. other methdds must be used.

A simplified diagram of a slide rule is pic-
tured in figure 3. The sliding, central part
of the rule 1s called.the SLIDE. The movable
glass orplastic runnér with a hairlinemprinted
on 1t 1s called the INDICATOR, Thereis a C
scale printed un the slide,and a D scale exactly
the same as the C scale printed on the BODY
or STOCK of the slide rule. The miark that 1s
associated with the pkmary number 1 on.any
slide rule scale is called the INDEX. There is

*BRNE | N SL:DE\ -
— {

L - — ot 2
@7 — 2 LI VAl -
P .

w g a4 - w:,mnon/

Figure 3.—Sin¥pliﬁed diagramof a slide rule.

o
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an mdex at the extreme leftand at the entreme
right on both the € and D scales.  there are
other scales, each having a particular -use.

. Someé of these will be mentioned later.

SLIDE RULE THEORY

-

We have mentioned that the slide rule is
based on logarithms. Recall that, to multiply
two numbers, we simply add their logarithms.
Previously we found these logarithms in tables,
but if the logarithms are laid off on scales such
as the C and D scale of the slide rule, we can
add the lengths, which represent these loga-
rithms. To ‘make such a scale we could mark
off mantissas_ranging from 0 to 1 ona rule as
in figure 4. We then find in the, tables the
logarithms for numbers ranging from 1to 10
and write the number opposite its correspond-
Ing logarithm on the scale. . .

~

LV TR 2 ) ‘ s
4 4 r 1 +

T t T *
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-
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Figure 4, —Logarithms and correspondingg
RN numbers on a scale. '

. ( .

. Table 9 lists the numbers 1 through 10
and their corresponding logarithms to thgee
places. These numbers are written opposite
their logarithms on the scale shown-~in figure
4. If we have two such scales, exactly alike,
arranged so that one of them is free to slide
along the other, we can perform the operation
of multiplication, for example, by ADDING
LENGTHS; that is, by adding logarithms. For
example, if we wish to multiply 2 x 3, we find
the logarithm of 2 on the stationary scale‘and
move the sliding scale so that its index is over
that mark. We then add the logarithm of 3 by
finding that logarithm on the sliding scale and
by reading below it, on the stationary scale, the
logarithm that is the sum of the two.

Since we are not interested in the logarithms
themselves, but rather in the numbers they

" represent, it is possible to remove the loga-

rithmic "notation on the scale in figure 4, and
leave only the logarithmically spaced number
scale. The C and Dscales of the ording._‘g"siide
rule are made Up In manner, Figure 5
shows the multiplication of 2 x 3, Although the
logarithm scales have been removed, the num-
bers 2 and 3 in reality signify the logarithms of




Talle 9, —Numbers and their

corresponding logarithms.
£

Number | Logarithm || Number | Logarithrn
¥ |. 0.000 6. 0.778 ' ___
2 |y 0301 7 7| 0.845
3 0.477. 8 0.903
4 0.602 9 0.954
5. 0.699 10 1.000
’ - o
oy,
\ )

0301 0477
v
orre

Pigure 5.—Multiplication by use of
“the slide rule.

2a 3 namely, 0.301 and 0.477; the product 6

ﬁe scale really signifies the logarithm of 6,
that is, 0.778. Thus, although logarithms are
the underlying principle, we are able to work
‘with the numbers directly.

It should be noted that the scale is made up
from mantissas only. The characteristic must
be detgrmined separately as in the ca'se where
tableg~are'uséd. Since mantissas identify only
the dgit sequence, the digit 3 on the slide rule
represents not only 3 but 30, 300, 0.003, 0.3,

and so forth.> Thus, the divisions may repre-

sent the number multiplied or divided by any
power of 10. This is true also for numbers
that fall between the divisions. The digit se-
quence, 1001, -could represent 100.1, 1.001,
0.01001, and so forth. The following example
shows the use of the same set of mantissas
which appear in the foregoing example, but with
a different characteristic and, therefore, a dif-
ferent answer:

<

. ‘ .
EXAMPLE: Use logs (positions on. the slide
rule) to multip{ly 20 times 30.

SOLUTION:
Y .
= /% log 20 = 1.301 (2 on the slide rule)
log 30 = 1.477 (3 on the slide rule)

3
2.778 (6 on the slide rule)

log of answer

Since the 2 in the log of the answer is
merely the indicator of the.position of the deci-
mal point in the answer itself, we do not expect
to find it on the slide rule scale. s in the
foregoing example, we find the digit 6 opposite
the multiplier 3. This time, however, the 6
.represents 600, because the characteristic of
the log represented by 6 in this problem is 2.

4

READING THE SCALES

Reading a slide rule is no more complicated
than reading a yard stick or ruler,
ferences in its markings are understood.

Between the two indices of the C or D scales

the large digit 1 at the extreme left and right
of the scales) are-divisions numoered 2, 3, 4,

5,6,7,8,and 9. Each length between two con:-
secutwe divxsions is divided into 40 sections

and each section is divided intg spaces.  (See™
ﬁgure 60) \ Y.
) DIVISION s
AL
. SECTION
smace m
] . 2
c] “mlunlz ls e |
0 ! H”Il““lz "; T R l

Figure 6.—Division, section, and space of
a slide rule scale.

Notice that the division between 1 and 2
occupies about one-third of the length of the
rule. This is sufficient space in which to write
a number for each of the section marks. The
sections in the remaining divisions are not
numbered, because the space is more limited.
Notice also that in the division between 1 and 2,
the sections are each divided into 10 spaces.
The sections of the divisions from 2 to 4 are

if the dif-"
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subdivided into only 5 spaces, and those from
4 to the right index are subdivided into only 2
spaces. These subdivisions are so arranged
because of the linmts of space.

Only the sequence of significant digits 1s
read on the shde rule. The position of the dec-
imal point is determined separately. For ex-
ample, if the hairline of the indicator is in the
left~hand position shown in figure 7, the sig-
nificant digits are read as follows:

‘ i
i

e V

s

-
.
-
-
~-
-
-
~

3¢
Q3 b

Figure 7.~Readings in the first division
of a slide rule.

1. Any time the hairline falls in the first
division, the first significant digit is 1.

2. Since the hairline lies between the index
and the first section mark, we know the number
lies between 1.0 and 1.1, or 10 and 11, or 100
and 110, etc. The second significant digit is 0.

3. We next find how far from the index the
hairlire is located. It lies on the marking for
" the third space.

4. The three significant digits are 103.

In
the hairline is located in the first division, the
ninth section, and on the fourth space mark of
that section. Thereiore, the significant digits
are 194. .

Thus, we see that any number falling in the
first division of the slide rule will always have
1 as its first significant digit. It can have any

TEN SPA%S IN EACH
SECTION

l il

:?e second example shewn in figure 7..
1

numberfrom 0 through9 as.its second digit,and
any number from 0 through 9 as its third digat.
Sometimesa fourth digit can be roughly approx-
imated in this first division, but the number is
really accurate to only three significant digits.

In the second and third divisions, each sec-
tlon is divided into only 5 spaces. (See flig, 8).
Thus, each space is equal to 0.2 of the section.
Suppose for example, that the hairline lies on
the third space mark after the large 2 indicat-
ing the second division. The first significant
digit is 2» Since the hairline lies between 2 and
the first section mark, the second digit is 0.
The hairline lies on the third space mark or
0.6 of the wdy between the division mark and
the first section mark, so the third digit'is 6,
Thus, the significant digits are 208. Notice
that if the hairline lies on a space mark the
third digit can be written accurately; otherwise
it must be approximated.

From the fourth division to the right index,
each section is divided into only two spaces.
Thus, if, the hairline is in the fourth division
and lies on the space mark between the sixth
and seventh sections, we would read 485. If the
hairline did not fall on a space mark, the third
digit would have to be approximated.

OPERATIONS WITH THE SLIDE RULE

There are two parts in solving problems
with a slide rule. In the first part the slide
rule is used to~find the digit sequence of the
final result. The second part is concerned with
the placing of the decimal’point in the result.
Let us consider first the digit sequence in mul-
tiplication and division.

Multiplication

Multiplication is performed on the C and D
scales of the slide rule. The following proce-
dure is used:

ONLY FIVE SPACES IN EACH
sscnon .

l Li1ALLLALL l

HA'lRLINEf

t l |
H::}::MWMWMW](-

2 3 -
_—/

Figure 8, --Reading in the second division of a slide rule. (
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1. Locate one of the factors to be multiplied
on the D scale, disregarding the decimal point.

2. Place the index of the C scale opposite
that number, -

3. Locate the other factor on the C scale
and move the hairline of the indicator to cover
this factor.

4. The product 1s on the D scale under the
hairline.

Sometimes in multiplying numbers, such as
25 x 6; the number on the C scale extends to
the right of the stock and the product cannot be
read. In such a case, we simply shift indices.
Instead of the left-hand index of the C scale,
the right-hand index is placed opposite the fac-
tar on the D scale. The rest of the problem
remains the same. By shifting indices, we are
simply multiplying or dividing by 10, but this
plays no part in reading the significant digits.
Shifting indices affects the characteristic only.
EXAMPLE: 252 x 3 = 756

1. Place the left index of the C scale over
252.

2. Locate 3 on the C scale and set the hair-
line of the indicator over it.

3. Under the hairline on the D-scale read
the product, 756.
EXAMPLE: 4 x 64 = 256

1. Place the right index of the C scale
over 4,

2. Locate 64 on the C scale and set “the
hairline of the indicator over it.

3. Under the hairline on the D scale read
the product, 256.

Practice problems. Determine the following
products by slide rule to three significant
digits:

1. 2.8 x 16 3. 6 x 85

2, 7x 1.3 4. 2.56 x 3.5
Answers:

1. 44.8 3. 510

2. 9,10 4. 4.96

Division - r

Division being the inverse of ,multiplication,
the process. of multiplication is reversed to

’
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perform division on a slide rule. We subtract
the length representing the logarithm of the
divisor from the length representing the loga-
rithm of the dividend to get the logarithm of the
quotient. ‘

The procedure is as follows:

1. Locate the dividend on the D scale and >

place the hairline of the indicator uver it.

2. Move the slide until the divisor (on the C
scale) lies under the hairline.

3. Read the quotient on the D scale opposite
the C scale index. + '

If the divisor 1s greater numerically than
the dividend, the slide will extend to the left. If
the divisor is less, the slide will extend to the
right. In either case, the quotient 1s the number
on the D scale that lies opposite the/T scale 1n-
dex, falling within the limits of the I/)?-scale.
EXAMPLE: 6 -3=2

1. Locate 6 on the D scale and place the
hairline of the indicator over 1it. :

2. Move the slide until 3 onthe C scale 1s
under the hairline. ’

3. Oppousite the left C scale index, read the
quotient, 2, on the D scale.
EXAMPLE: 378 - 63 = 6 -

1. Locate 378 on the D scale and move the
hairline of the indicator over it.

2. Move the shide to the left unti} 63 on the
C scale 1s under the hairline, .

3. Opposite the right-hand index of the C
scale, read the quotient, 6, on the I) scale.

Practice problems. Determine the following
quotients by slide rule.

1. 126 - 3 3. 142 - 71

2. 960 - 15 4. 459 - 17
Answers: )

1. 42 3.2

2. 64 4, 27~ i

PLACING THE DECIMAL POINT

Various methods have been advanced regard-
ing the placement ot the decimal point in num-
bers derived from slide rule computations.
Probably the most umiversal and most easily
remembered method is that of approximation, .
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The method of approximation means simply
the rounding off »f numbhers and the mechanical
shifting of decimal points 1n the numbers of the
problem so that the approximate size of the
solution and the exact position of the decimal
point will be seen from inspectioh. The slide
‘rule may then be used to derive the correct se-
quence of significant digits. The method may
best be demonstrated by a few examples. Re-
member, shifting the decimal point in a number
one place to the left is the same as dividing by
10. Shifting 1t one place to the right is the
same as multiplying by 10. Every shift must
be compensated for in order for the solution to
be correct.

EXAMPLE: 0.573 x 1.45 : .

SOLUTION: No shifting of decimals is neces-
sary here. We see that approxxm‘z&}ely 0.6 1s to
be multiplied by approximately, 1*}/2. Immedi-
ately, we see that the solution is in the neigh-
borhood of 0.9. By slide rule we find that the
significant digit sequence of the’product is 832.
From our approximation we know that the deci-
mal point 1s to the immediate le[t of the first
significant digit, 8, Thus,

.0.573 x 1.45 = 0.832

EXAMPLE: 239 x 52.3

SOLUTION: For ease in multiplying, we shift
the decimal point 1n 52.3 one place to the left,
making 1t 5.23. To compensate, the decxmal
point is shifted to the right one place in the
other factor. The new position of the decimal
point is indicated by the presence of the caret
symbol.

239.0, x 5/\2.3

r problem is approximately the same as

2,400 x 5 = 12,000
By~slide rule the digit sequence is 125. Thus,
239 x 52.3 : 12,500
EXAMPLE:  0.000134 x 0.092
SOLUTION:
Shifting decima] points, we have
0,:00.000134 x 0.09,2
. TAS N
N e

Approximation: 9 x (.0000013 = 0.0000117.
By slide rule the digit sequence 1s 123. From
approximation the decimal point i1s locited as
follows:

0.0000123
Thus, )
. %’
0.000134 x 0.092 = 0.0000123
EXAMPLE: 53.1
42.4
SOLUTION: The decimal points are shifted so

that the divisor becomes a number between 1
and 10. The method employed is cancellation.
Shifting decimal points, we have *

i

A3

— -~

2.4

[y

[0S

Approximation: %= 1.2

Digit sequence by slide rule:

1255
Placing the decxmal point from the appx oxi-
mation:

1.255
Thus,
( %41- = 1.255
EXAMPLE: 0.00645 .
0.0935
SOLUTION: .

Shifting decimal points, we have
0.00,645
0.09,35

Approximation: .
0.6

% = 0.07

’

690

Digit sequence by slide rule:

‘
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R -
.

Placing the decimal po‘?n't from the apﬁroxi-
mation; '

. 0.0690

-

Thus,

——-/A

0.00645 - .
0.0935 - 0-06%0 .

Practice problems. Solve the following

problems with the slide rule and use the method
of approximation to determine the position of
the decimal point: - ‘

"t 0.00453 x 0.1645 3. 0.0362 x 1.21

2,548 571.255 4. 67 - 316
Answers:

1. 0.000745 3. 0.0438

2. 42.4 4. 0.212

£
MULTIPLICATION AlilD
DIVISION COMBINED

In problems such as

0.644 x 330
o 161 x 12 .
it is generally best to determine the position of
the decimal point by means of the method of
approximation and to determine the significant
digit sequince from the slide rule. Such prob-
. lems are‘usually solved by dividing and multi-
" plying alternately thrqughout the problem. That
is, we divide 0.644'by)161, multiply the quotient
by 330, and divide that product by 12.

Shifting decimal points, we have

0,0.644 x 3,30
161 x 1,2

Since there is a combined shift of three pla’es
to the left in the divisor, there must also be a
_ combined shift 6f three.places to the left in the
dividend. * § - ‘

. 2 ‘
Approxinton: O"’%l =0.06 x 2 - 0.12

“by-step process of determining the
digit sequence of this problem is as

\
R , . . A
1. Place the hairline ovér 644 on the D scale.
2. .Draw the slide so that 161 of the C stale
lies under the hairline opposite 644 e
3. Opposite the C scale index {on the D scale)
ig the quotient of 644 + 161." This is to be mul-

tiplied by 330, but 330 projects beyond the rule 3

so the C scale indices-must be shifted.

4. After shifting the indiges, find 330 on the
C scale and place the hairline over it. Opposite
330 under the hairline on the D scale is the

prcku_ct of %x 330. *

A

., 5. Next, move the C scale ystil\12 is undéf¥
the hairline. Opposite the C-scale i {on the
D scale) is the final quotient. The digit ‘se-

quence is 110.
. The decimal point is then placed according
towpproximation: 0.11. Thus,

0.644 x 330

61ix 12 - O

Practice problems.
problems, using a slide rule:

1. 22 x 78.5 x 157 .
17 x 18.3 x 85 v

2. 432 x 9,600
25,600 x 198 .

.3. 2.77 x 0.064

0.17 x' 1.97

Answers: , ) ) .
1. 10.2 2. 0.817 3. 0.529
SQUARES b

Squares- of numbers are found by reference
to the A scale. The numberson the A scale are
the squares of ,those on thie D Scale. The A
scale is really’a double scale, each division

being one-half as large as the corresponding .
. division on the D scale.

The use of a double
scale for squaring is based upon the fact that
the logarithm of the square of a number istwice
as large as the logarithm of the number itself.

-In other words,

46

; .
log N2?=21log N .

This is reasonable ,' since E

log‘(N x N)
log N + log N

log N?

. *

122

Solve the following




For a’ numencal example, suppose that we,
seek to-square 2 by,meansoi loga.rithms. -

4301

2 log 2
= 2 x 0.301
« 0.602

log 2

log.22‘
S

Since- eath part of the A scale is half as
large as the corresponding part of the D scale,
the logarithm 0,602 on the A scale will be the

same length as the logarithm 0,301 on the D -

scale. That s, these logarithms will be oppo-
site on the A and D scales. On the A scale as
on the D scale, the humberS are written rather
than their loganthms. Select several fumbers
on the D scale, such as 2, 4, 8, 11, and read
their squares on the A scale, namely 4, 16,
$64, 121,

Notice also that the same relation exists for
the B and C scales as for the A and D scales.
Of interest, also, is the fact that since the A
and B scales are made up‘as are the C and D

scales,, they too could be used for, multnplymg_

or dividing.

D

Placing the Decimal Point .

Usually thc-izdecxmal may be placed by the
method of aog¥eximation. However, close ob-
servation wiH Treveal certain facts,that elimi-
“nate the need for approximations in squaring
" numspers., Two rules suffice for squaring whole
or mixed fumbers, as follow: ’

1. When the square of a number is read on

the left half of the A scale, thaf number will "

contain twice the number of digits to the left of
thedecimal point in the original number, less 1.
2. When the square of a number is read on
the right half of the.A scale, that number will
contain twice the number of dngnts ta the left’ of
the dec1mal pomt m the original number. ?

EXAMPLE: Square 2.5.

SOLUTION: l5lace the hairline over 25 on the
D scgle. Read the digit sequence, 625, under

the hairline in the left half of 'scale.
By rule 1: (2 xnumber of digits)-N\= 2(1)-1=1.-

There is one digit to the left of the decimal

point. Thus, /

- (2.5)? = 6.25
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EXAMPLE: Square 6,340.

SOLUTION:

Dlglt sequence, right half A’ scale: 402.
By ‘rule 2: 2 X number of digits =2 x 4=8
(digits in answer). Thus,

(6,340)2 = 40,200,000

Positive Numbers Less Than One
If positive numbers less than one are to be
squared, a slightly different version of the pre-
ceding rules must be employed.

nonzero digit. Consider this count negative.

Count the .
zeros between the decimal point and the first,

Then the number of zeros between the decimal -

point and the first significant digit of the

squared number may be found as follows:
1. Left half A scal¢: Multiply the zeros

counted by 2 and subtrdct 1.
2. Right half A scale:
counted by 2.

EXAMPLE: Square 0.0045

SOLUTION: X
Digit sequence, right half A scale: 2025.
By rule 2: 2(-2) = -4, (Thus, 4 zeroa.\\-
tween the decimal point and the first digit. )
(0.0045) 2= 0. oooozozs
EXAMPLE: Square 0.0215

soLuTION:

Digit sequence, left half A scale: 462.
By rule 1: 2(-1) -1 =-3

(o 0215)%= 0.000462

SQUARE ROOTS

Taking the square root of a number with, the
slide rule is the inverse process of squar: ng a

number. Wé find the number on the 4 scale,’

set the hairline of the indicator over. it, and
read the square root on the D scale under the
hanrlix‘xe.

Positioning Numbers on the A S@ﬁﬁv .

§
Since_there are two parls of the A scale
exactly a\}xike*

¥ z

and the digit sequence could be ]

Multiply the zeros .

K]

"




) ‘which section to use.

-

found on either part, a question arises as to
‘Generally, we think of
the left half of the rule as being numbered from

" 1to 10 and the right half as being numbered
“from 10 to 100. The numbering continues- left

half 100 to 1,000, right half 1, 000 to 10,000, and
so forth.

A sxmple process provides a check 6f the
location of the number from which the root is
to be taken. For whole or mixed numbers, be-
gin at the decimal pointof the number and mark
off the digits to the left (including end zeros) in
groups of two. This isillustrated in the follow-
ing two examples:

1. +40,300.21
~4'03'00.21

’
2. Vv2,034.1 \
T v20'34.1 A >

Look at the left-hand group. If it is a 1-digit
number, use the left half of the A scale. If it
is a 2-digit numbexr, use the right half of the A
scale. The-number inexample 1 is thus located
in the left half of the A scale and the number in
example 2 is located in the right half, .,

Numbers Less"Than One /
. For positive numbers less than one, begin at
the decimal point and mark off groups of two to

the right. This is illustrated as fc}l.lows. o
1. V0.000245 - , [ -
~0.00'02'45 - . /

2, ~0.00402
~8.00'40'2

Looking from left to right, locate the firstgroup -

that contains a digit other than zero. [If the
first figure in this group is zero, locate the
number in the left half of the A scale If the
first figure is other than zero, locate the num-

- ber in the right half of the'A scale. Thus,

-

. \D.00'02'45 is located 1éft

and
T T
~0.00'40'2 is located right

A P

. Powers/o%‘m// . ot

When the square ' root of 10, 1,000, 100,000,
and so fortl, is desired, the center mdex is
used. That;1s, when the number of digits in a
power of 1Q'is even, use the center index.

‘The slide: rule uses onfy the first three
significany digits of a number. Thus, if the
rule is used, \23451.6 must be considered as
. Likewise, 1.43567 would be consid-

000, and so forth. For greater accu-

1. V432 5. ~4,320
2, <0.013 6. ~0.00301
3. A231.67 - 7. ~0.0640
4. ~0.00045 8. v9.41
Answers: ) s
1. Left 5. Right ’ >
2. Left | " 6. Right
3. éft 7. Left-
4. Left 8. Left T

‘Placing the Decimal Point

To place the decimal point {n the square

-root’of a numbeT, mark off the original number

in groups of fwo as explained previously.

For whole opr mixed numbers, the number of
groups marked off is the number of digits in-
cluding end zeros to the “left of the decimal
point in the root. The following problems il-
lustrate this: .

1. VI3415
~v2734'15 °  Three digits to left of dec-
imal pojnt in square root

2. 4421562.4 )

' ~42'15'62.4 Three digits to left-of dec-
‘imal point in square root -

3. V231321 .

-

NI3T3Z1 . Two digits to left of decl-
mal point in square root




!

* ~

For .positive numbers less than one, there
will be one zero in the square root between the

" decimal point and the first significant digit for

every pair of zeros counted between the deci-

mal point and the first significant digit of the ,

original number. This isillustrated as.follows:

.1+ ~0.0004 e
\0.0004  One zero before first digit
1n square root
2. ~0.00008 : - )
~0.00'00'8 Two zeros before first digit -
1n square root !
3. ~0.08" No zeros before first digit
1n squ%re root
+EXAMPLE:! £ 4,521
£ 4521

(Two digits 1n left-hand groug)
’
Place the hairline over 452 on the rléht half of

the A scale. 7Read the digit sequence of the
root,” 672, on the D scale under the hairline.
Since there are two groups in the original num-
ber, there are two digits to the left of the deci-

mal point in the root. Thus,
, NE521 = 67.2

~0.000741
~0.00°07'41

(First figure is zero in this group)

EXAMPLE: -

-

Place the hairline over 741 on the left half of
the A scale. Read the digit sequence of the
root, 272, under the hairline on the D scale.
Since- there is one pair of zeros to the left of

~ the group containing the first digit, there is one

zero between the decimal point, and the first
significant digit of the root. Thus,

v0.000741 *= 0.0272

Practio® problems. Evaluate each of the
following by means.of a slide rule:

1. (17.75) . 3. VB2
2. (0.65)° 4, V0.074

'EXAMPLE:

Y/

Answers:
1. 815 3. (3.07
2. 0.422 4. 0.272

CUBES AND CUBE ROOTS =

Cubes and cube roots are read on the D and
K scales of the slide rule. On the K scale are
compréssed three complete logarithmic scales
in the same space as that of the D scale. Thus,
any logarithm on the K le is three times"iMe
logarithm opposite it on the D scale. To cube

.4 number by logarithms, we multiply its loga-
rithm by three.

Therefore, the logarithms of
cubed numbers will lie on the K scale oppodite
the numbers on the D scale.

As with the other slide rule scales men-
tioned, the numbers the logarithms represent,
rather than the logarithmic notatibns, are
printed on the rule. In the left-hand third of
the K scale, the numbers range from 0 to 10; in
the middle third they range from 10 to 100; and
In the right-hand third, they range from 100 to
1,000.

To cube a number, find the number on the D
scale, place the hairline over it, and read the
digit sequence of the ‘cubed number on the K
scale under the hairline.

Placing_ the Decimal Point

The'decimal point of a cubed whole or mixed
number may be easily placed by application of
the following rules: .

1. i the cubed number is located in the left
third of the K scale, its number of digits to the
left of the decimal point is 3 times the number
of digits to the left of the decimal point in the
original number, less 2.

2. If the cubed number is located in the
middle third of the K scale, its number of digits
is 3 times the number of digits of the original
number, less 1. ° ‘

3. If the cubed number is located in the
right third of the K scale, its number of digits
is 3 times the number of digits of the original
nuniber. o

(1.6)3.

SOLUTION: Place the hairline over 18 on D
scale. Read the digit sequence, 409, on the K-
scale under the hairline. - . ‘
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“ The number of digits to the left of the decimal

point’ {n the number 1.6 i{s 1, and the cubed .

number is in the left-hand third of the K scale.

(3 x 1)-2
1

3 x (No. of digits)-2

Therefore, ~
' .6)% = 4.09

EXAMPLE: (4.1)3

Digit sequence = 689.

SOLUTION: The number of digits to the left of
s the decimal point in the number 4.1 is 1, and the
. cubed number is in the middle third of the K

Bcale. -

3 x (No. of digits)-1 = (3 x 1)-1

=2

Therefore, .
- (4.1)° = 68.9

EXAMPLE: (52)°

SOLUTION: Digit sequence = 141.

The number of digits to the left of the decimal
point in the number 52 is 2, and the cubed num-
ber is in the right-hand third of the K scale.
3 x 2

6

3 x No. of digits

. Therefore,
(52)° = 141,000

Positive Numbers Less Than Orie

If positive numbers less than one are to be
cubed, count the zeros between the decimal
point and the first nonzero' digit. Consider the
count negative. Then the number of zeros be-
tween the decimal point and the first significant’

digit of the cubed number may be found as )

follows:
1. Left third of K scale: Multiply the zeros
counted by 3 and subtract 2.
““Middle third of K scale:
zeros counted by 3 and subtract 1.
3. Right third 09( scale: Multiply the zeros
counted by 3,

4 .

Multiply the

50

126.

EXAMPLE: Cube 0.034

SOLUTION: Digit sequence = 393

Zero count of 0.034 = -1, and 393 Ié in the mid-
dle third of the K scale.

3 x (No. of zeros)-1 = (3 x -1)-1 = -4

Therefore,
-(0.034)* ="0.0000393

Practice problems. Cube the following num-
bers using the slide rule.

1. 21 2. 0.7 3. 0:0128 4. 404

Answers:

3. 0.0000021
4. 66,000,000

1. 9260
2. 0.342

Cube Roots

Taking the cube root of a number on the
slide rule is the inverse process of cubing a
number. To take the cube root of a number,
find the number on the K scale, set the hairline
over it, and read the cube root on the D scale -
under the hairline. ..

POSITIONING NUMBERS ON THE K SCALE.—
Since a given number can be located in three
positions on the K scale, the question arises as
to which third of ‘the K scale to use when you
locate & number. Generally, the left index, the
left middle index, the right middle index, and
the right index are considered to be numbered
as shown in figure 9, . ,

1 1 1
1 | |

I I o
1,000

1,000,000

1
| -
I

100
100,000

' 10
1,000 10,000

Figure 9. —Powers of 10 associated with ~
K-scale indices.

A system similar to that used with square
roots may be used to locate the position of a.
number on the Kscale; Groups of three are
used rather than‘groups of two. The grouping

for cube root is illustrated as follows:
' ¢




. \30,531.6_
{30'531.6
33,561.43
3T561.43

. 0.000043

30.000'043

3. ¥0.0007000°430 _
" (No zero)- right third of K scale.

PLACING THE DECIMAI< POINT.—-To place
the decimal point in.the cube root of a number,
we use the system of marking off in groups of
three as shown above.

For whole or mixed numbers, there is one
digit in the root to the left of the decimal point

‘for every group marked in the original number.

For whole  or mlxed numbers, the followlng “\___Thus, S

rules apply:

1. I the left-hand-group contains one digit,
locate thenumber*in the left third of theK scale.
2. I the left group contains two dlgxts, lo-
cate the number in the middle third of the K

scale.
3. K the left group contains three digits,
locate the number in the right third of the K

scale,
The iollowmg examples illustrate the fore-

going rules:

1. 17561.43

(One digit) - left third of K scale.

2. 130'531.6
(Two digits)— middle third of K scale.

3. 1753361 , .
(Three digits)—right third of K scale.

For positive numbers less than one, look
from left to right and find the first group that
contains a digit other than zero,

1. ¥ the first two figures in this group are
zeros locate the number in the left third of the
K sca.le ’ .

2. If only the first ngure in this group is
zero, locate the number in the middle thu'd of
the K scale.

3. I the {irst figure of- the group is not zero,
locate the number in the right third of the, K
scale.

The {ollowing examples illustrate these

rules:
1. ¥0.600°004'53
(Two zeros)- left third of K scale.
2. ¥0.000'050'43
.(One zero)~ middle third of K scale.

3
1 V4'531.6-
(Two digiqts in root to left of decxmalGoint.)

For positive numbers less than one) there
will be one zero in the root between the decimal
point and the first significant digit for every
three zeros counted between the decimal point
and the first significant digit of the original
number. Thus,

0.000'000°004

(Two zeros between decimal point and first sig-
nificant digit of root.) .

V’mm ‘
¥216'000.4
(Three digits in left group)

»
EXAMPLE:

Place the hairline over 216 in the right third of
the K scale. Read the digit sequence, 6, under
the hairline on the D scale. Since there are
two groups in the original number, there are
two digits to the left of the decimal point in the
rboot Thus,

32160004 = 60

370.0000451
20.0007045'1

(Only first figure is zero in this group)

EXAMPLE:

Place the hairline over 451 in thé middle third
of the K scale. Readf the digit sequence, 357,
under the hairline on the D scale. Since there
is one group of three zeros, there is one zero
between the decima} point and the first signifi-
cant digit of the r Thus, ,

\0.0000451 =

0.0357
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POWERS OF 10,—To take the cube root of a
power of 10, mark it off as explained in the
preceding paragraphs. The number in the left
group will then be 1, 10, or 100. We know that
the cube root of 10 is a number between 2 and
3. Thus, for the cube rootof gny number whose
lefr group is 10, use the K /scale index which
lies between 2 and 3 on the D|scale. The cube
root of 100 lies between 4 and 5. Therefore,
for a number whose. left groyplis 100, use the K
scale index between 4 and 5 onithe D scale.

Practice problems. Follojing aré- some
problems and the digit sequenge (d. s.) of the
roots. Locate the decimal t for each root.

i

1. V0.000023 - d. s* 2844
2. Y0051 ' d. sl 37
|
3. Y1 d.é\. 5026
&
2 .

. 204,000
. 734,000,000 -
. %13

Answers;

. 0.02844
. 0371 .
. 5.026
..58.9

. 902
.17

.

-~

d. s. 589
d. 8. 902
d. s. 17
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. WORKING WITH NUMBERS

COMPLEX NUMBERS :

*  numbers as ¥'2 and ¥3. Although decimal
values are often assigned to these numbers,
. they are only approximations. That is, 7 is not
In certain calculations {in mathematics and exactly equal to 22/7 or to 3.142. Such num-
related sclences, it s necessary to perform  bers are called IRRATIONAL to distinguish
operations with numbers unlike any mentioned them from the other numbers of the system.
thus far in this pamphlet, These numbers, unfor- With ratienzhand irrational numbers, the posi-
tunately called “imaginary” numbers by early  tive number system includes all the numbers
mathematiclans, are quite useful and have &  from zero to infinity in a positive direction.

very real meaning in the physical sense, The . Since the number system was not complete
tumber system, which consists of ordinary num- with only positive numbers, the system was ex-
bers and imaginary numbers, is called the panded to include negative numbers. The idea
COMPLEX NUMBER system. Complex nume of negative rational and irrational numbers to
bers are composed of a ‘‘real” part and an minus infinity was an easy extension of the

“imaginary’ part. system. ]
Rational and irrational numbers, positive
REAL NUMBERS and negative to : infinity they have been

, presented in this pamphlet, Somprise the REAL
The concept of number, as has been noted NUMBER system. The yeal number system is
previously, has developed gradually, At one time pictured in figure 10. / )

the idea of number was Iimited to positive OPERATORS

.whole numbers. .

. The concept was broadened to include posi- As shown in a preyious section, the plus
tive fractions, numbers that lie between the sign in an expression such as 5 + 3 can stand
whole numbers. At first, fractions included -for either of two separa®® things: It indicates
only those numbers which could be expressed the positive number 3, or .it indicates that +3
with terms that were integers. Since any frac is to be added to 5; that is, it indicates the op-
tion may. be considered as a ratio, this gave eration to be performed on +3.
rise to the term RATIONAL NUMBER, which ~ Likewise, in the problem 5 - 3, the minus
is -defined as any number which can be ex- sign may indicate the negative number -3, in
pressed as the ratio of two integers. (Remem- which case the operation would be addition; that
ber that any whole number is an integer.) is, 5 + (~3). On the other hand, it may indicate

It soon became apparent that these numbers the sign of operation, in which case +3 is to be
were.not enough to complete the positive num- subtracted from 5; that is, 5 - (+3).
ber’ range. The ratio, 7, of the circumference Thus, plus and minus signs may indicate
of a circle to its diameter, did not fit -the con- positive and negative numbers, or they may in-
cept of number thus far advanced, nor did such dicate operations to be performed.
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Figure 10. —Tlie real number system.
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IMAGINARY NUMBERS

The number line pictured in figure 10 rep-
resents all positive and negative numbers from
plus infinity to minus infinity. However, there
is a type of number which does not fit into the
picture. Such a number occurs when we try to
solve the following equation:

x2+4=0
x? = -4

- x=zxN-4

Notice the distinction between this use of the
radical sign and the manner in which it was
used in section 3. Here, the & gymbol is in-
cluded with the radical sign to emphasize the
fact that two values of x exist. Although both
roots exist, only the positive one is usually
given. This is in accordance with usual mathe-
matical convention.

The equation

x =z N9

raises an interesting question: = ‘
What number multiplied by itself yields -4 ?
The square of -2 is +4. Likewise, the square
of +2 is +4. There is no number in the system
of real numbers that is the square root of a
negative number. The square root of a nega-
tive number came to be cailed an IMAGINARY
NUMBER. When this name was assigned the
square roots of negative numbers,. it was natu-
ral to refer to-the other known numbers as the
REAL numbers. .

IMAGINARY UNIT

To reduce the problem of imaginary num-
bers to its simplest terms, we proceed as far

lution. Thus, we may write ¥ -4 as a product

VoTx4= VENT
= 42 N1

Likéwise,
N5 = N5 VT

Also,

=3 NTT =3 N T NT
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Thus, the problem of giving meaning to the
square root of any negative number reduces to
that of finding a meaning for v-1.

The square root of minus 1 is-designated i
by mathematicians. When it appears with a co-
efficient, the symbol i is written last unless
the coefficient is in radical form. This con-
vention i8 illustrated in the following examples:

82 V1 = 221
NENT =15
3NTN-T =31 N7

- The symbol { stands for the imaginary unit

~-1. An imaginary number is any real multi-
ple, positive or negative, of i. For example,
-Ti, +7i, 1 ¥15, and bi are all imaginary num-
bers.

In electrical gc'zrmulas the, letter i denotes
current. To avoid confusion, electronic techni-
cians use the letter j to indicate ¥-1 and call it
"operator j." The name "imaginary" should be
thought of as a technical mathematical term of
convenience. Such numbers have a very real
purpose in the physical sense. Also it can be
shown that ordinary mathematical operations
such as addition, -multiplication, and so forth,
may be performed in exactly the same way as
for the so-called real numbers. ’

Practice problems. Express each of the
following as some real number times i:

1. V=18 3. v§5 5. N-25°
2- 2 J:i 4- ’fd"w‘d -f . 6. - -i?
Answers:‘
1, 4 3.1 v§ 5. si
2. 21 4. di 8. %i

Powers of the Imaginary Unit
The following examples illustrate the re-

/\;u{lf of raising the imaginary unit to various
Wwers:

i =+-1
i2 = =T =T, or -1
i =% = -1, or -i
i* 2142 = -1+ -1 = 41
" ) S i -
i 1 :-i—-:—i—z =-°T= -i

13y




We see from these examples that an even
power of i is a real number equal to +1 or -1,
Every odd power of { is imaginary and equal to
i or -i.. Thus, all powers of i reduce to one of
the following four quantities: Vv -1, <1, -V 1,
or +1.

FUNDAMENTALS OF ALGEBRA

The numbers and operating rules of arith-
metic form a part of a very important branch
of mathematics call LGEBRA.,

Algebra extends the concepts of arithmetic
so ‘that it is ‘possible {o generalize the rules for
operating with numbers and use these rules in
manipulating symbols other than numbers. It
does not involve an abrupt change into a dis-
tinctly new field, but rather provides a smooth
transition into many branches of mathematics
with a continuation of knowledge already gained
in basic arithmetic. .

The idea of expressing quantities in a gen-
.eral way, rather than in the specific terms of
arithmetic, is fairly common. A typical exam-
ple is the formula for the perimeter of a rec-
tangle, P = 2L + 2W, in which the letter P rep-
resents perimeter, L represents length, and W
represents width. It should be understood that
2L = 2(L) and 2W = 2(W), If the L and the W
were numbers, parentheses or some other mul-
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for addition is as follows:

a+b+c=a+c+b=c+b+a

In words, this law states that the sum of two or
more addends is the same regardless of the
order in which the addends are arranged.

In the algebraic example, a, b, and ¢ re-
present any numbers we choose, thus giving a
broad inclusive example of the rule, (Note that

once a value is selected for a literal number, .

that value remains the same wherever the let-
ter appears in that particular example or pro-
blem. Thus, if we give a the value of i2, in
the example just given, a’s value is 12 wher-
ever it appears.)

MULTIPLICATION

tiplication sign would be necessary, but the—

meaning of a term such as 2L {s clear without
additional signs or symbols. .

All formulas are algebraic expressions, al-
though they are not always identified as such.
The letters used in algebraic expressions are
often referred to as LITERAL NUMBERS (lit-
eral implies ‘‘letteral’’),

Another typical use of literal numbers 18 in
the statement of mathematical laws of operation.
For examplépthe commutative, associative, and
distributive laws, may be stated in general
terms by the use of algebraic symbols.

COMMUTATIVE LAWS :

&

The commutative laws refer to those sit-
uations in which the factors and terms of an
expression are rearranged in a different order.

ADDITION

The algebraic form of tie commutative law

k4
o
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The algebraic form of the commutative law
for multiplication is as follows:

abc = acb = cba
In words, this law states that the product of

two or more factors i§ the same regardless of
the order in which the fac‘tors are arranged.

ASSOCIATIVE LAWS
The assoclative laws of addition and multi-

plication refer to the grouping (association) of
terms and factors in a mathematical expre;sslon.

ADDITION

The algebraic form of the associative law
for addition is as follows:

a+b+rc=(a+b)+c=a+(b+c)
In words, this law states that the sum of three
or more addends is the same regardless of the
manner in which the addends are grouped.
MULTIPLICATION

The algebraic form of the associative law
for multiplication is as follows:

a-b-c=}/a-b)-c-ao(b-c)

\




In words, this law states that the product of
three or more factors is the same regardless
of the manner in which the factqrs are grouped.

DISTRIBUTIVE LAW

The distributive law refers to the distribu-
tion of factors among the terms of an additive
expression. The aigebraic form of this lay is
as follows:

a(lb + ¢ +d) =ab + ac + ad
/
In words, this law may be stated as follows: If
the sum of two or more quantities is multiplied
by-a third quantity, the product is found by ap-
plying the multiplier to each of the original
quantities separately and summing the result-
ing expressions. ’

ALGEBRAIC SUMS_ 4

The word ""sum'! has been used several times
in this discussion, and it is important to realize
the full implication where algebra is concerned.
Since a literal number may represent either a
positive or a negative quantity, a sum of sev-
eral literal numbers is always understood to be
an ALGEBRAIC SUM. That is, it is the sum
that results when the algebraic signs of all the
addends are taken into consideration.

The following problems illustrate.the proce-
dure for finding an algebraic sum:

Leta=3,b=-2,and ¢ = 4.

Thena+b+c=(m
L

Also,a :b-c=a+(-b)+ (-c)
=3 + (+2) + (-4)
=1

The second problem showg that every expres-

bined by addition and subtraction may be re-
«Written as an algebraic sum, all. negative signs

and all operational signs being positive.

" It should be noted, in relation to this subject,
that the laws of signs for algebra are the same
a8 those for arithmetic.

ALGEBRAIC EXPRESSIONS

An algebrafc expression is made up of the
signs and symbols of algebra. These symbols

sion containing two or more terms to be com-

ing considered as belonging to specific terms -
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the signs of operation, and so forth. Such an
expression represents one number or one quan-
tity. Thus, just as the sum of 4 and 2 is one
quantity, that is, 6, the sum gf ¢ and d is one

quantity, that is, ¢ + d. Likewise =, v, ab,

a - b, and so forth, are algebraic expres-
sions each of which represents one quantity or
number.

Longer expressions may be formed by com-
binations of the various signs of operation and
the other algebraic symbols: but no matter how
complex such expressions are,they still repre-
sent one number. Thus, the algebraic expres-

-a+V2a+b

sion -c is one number,

The arithmetic value of any algebraic ex-
pression depends on the values assigned to the
literal numbers. For example, in the expres-
sion 2x2- 3ay, if x=-3,a=5, and y = 1, then
we have the following:

-

2x? - 3ay = _2(-3)2 -3(5)(1)
=2(9) - 15 =18 - 15 = 3

Notice that the exponent is an expression
such as 2x? applies only tg the x. If it is de-
sired to indicate the square of 2x, rather than
2 times thew square of x, then parentheses are
used and the expression becomes (2x)2

Practice problems. Evaluate the following
aleebraic expressions when a =4,b =2, ¢ = 3,
x = 7, and y = 5, Remember that the order of
operation is muitiplication, division, addit{on,and

subtraction. :
. t kY

1. 3k + Ty - ¢ 3. vy
- 2
2. xy - 4a? . 4.oc+ 3%—
Answers: )
1. 53 3. 19
2. -29/ 4. 53

TERMS AND COE FFICIEN{I'S

The terms of an algebraic expression are
the parts of the expression that are connected
by plus and minus signs. In the expression
dabx + cy - k, for example, 3abx, cy, and k are
the terms of the expression.

132
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" include the Arabic numerals, literal numbers,
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An expression containing only one term, such
as 3ab,1s called a monomial {(mono means one).
A, binomial contains two terms; for example,
2r - by. A trinomial consists of three terms.
Any expression containing two or more terms
may also be called by the general name, poly-
nomial (poly means many). Usually special

names arenot givento pqunom)'éils of gore than

three terms. The expression x~ - 3x + Tx+1
1s a polynomial of four terms. The trinomial
x? - 2x + 11is an example of a polynomial which
has a special name.

Practice problems. Identify each of the fol-
lowing expressions as a monomial, binomial,
trinomial, or polynomial. (Some expressions
may have two names.)

1. x 3. abx 5. 3y?+4
2.3y+a+b 4. 44+2b+y+2 e._zg.u
- Answers:

2. Trinomial
(also polynomial)

1. Monomial

3. Monomial 4. Polynomial

6. Binomial
{also polynomial)

5. Binomial
(also polynomial)

In general, a COEFFICIENT of a term is
any factor or group of factors of a term by
which the remainder of the term is to be multi-
plied. Thus 1n the term 2axy, 2ax is the coeffi-
cient of y, 2a is the coefficient of xy, and 2 is
the coefficient of axy. The word "coefficient'
is usually used in reference tothat factor which
18 expressed in Arabic numerals. This factor
is sometimes called the NUMERICAL COEF-
FICIENT. The numerical coefficient is cus-
tomarily written as the first factor of the term.
In 4x, 4 1s the numerjcal coefficient, or simply
the coefficient, of x. Likewise, in 24xy?, 24 is
the coefficient of xy? and in 16(a + b), 16 is the
coefficient of (a + b). When no numerical coef-
ficient is written it is understood to be 1. Thus
in the term xy, the'coefficient is 1,

COMBINING TERMS

When arithmetic numbers are connected by
plus and minus signs, they can always be com-
- biped into one number. Thus, '

1 1
5-72+8—52—
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Here three numbers are added algebraically
(with due regard for sign) to give one number.
The terms have been combined into one term.

Terms cont2ining literal numbers can be
combined only if their literal parts are the
same. Terms containing literal factors' in
which the same letters are raised to the same
power are called like terms. For example, 3y
and 2y are like terms since the literal parts
are the same. Like terms are added by adding
the coefficients of the like parts. Thus, 3y + 2y
= 5y just as 3 bolts + Z bolts =5 bolts, Also
3a?b and a’b are like; 3a?b + a’b = 4a’b and
3a2b - a?b = 2a%b. The numbers ay and by are
like terms with respect toy. Their sum could
be indicated in two ways: ay + by or (a + bly.
The latter may be explained by comparing the
terms to denominate numbers. For instance,
a bolts + b bolts = (a + b) bolts.

Like terms are added or subtracted by add-
ing or subtracting the numerical coefficients
and placing the result in front of the literal
factor, as in the following examples:

72 - 5x2 = (1 - 5)x? = 2x°
5b2x - 3ay? - 8b2x + 10ay? = -3b2x + Tay?

Dissimilar or unlike terms in an algebraic

‘expression cannot be combined when numerical

values have ngt been assigned to the literal
factors.. For example, -5x2 + 3xy - 8y? con-
tains three dissimilar terms. This expression
cannot be further simplified by combining terms
through addition or subtraction. The expres-
sion may be rearranged as x(3y - 5x) - 8y2 or
y(3x - 8y) - 5x2, but such a rearrangement is
not actually a simplification.

Practice problems. Combine like terms in

- the following expression:

1, 2a + 4a 4, 2ay? - ay?
2.y + y2 + 2y 5. bx2 + 2bx?
ay _ ay 2
3.4 F 6.2y +y

Answers:
-1, 6a 4, ay?,
2. y2 + 3y 5. 3bx?
3. 333'. 6. 2y + y2

Y
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NUMBER SYSTEMS FOR COMPUTERS

Now consider a few basic definitions that
pertain to number systems,

1. Unit — A single thing

2. Number — An arbitrary symbol repre-
senting an amount of units,

3. Number System — A method of indicat-
ing the amount of units counted,
a, All modern number s‘vstems include
the zero.
b, The radix, or base, of a number

+(d2xr2) . (dlxrl) +
-2
) +

Q=(d;‘xrn)+....

»:(dO X ro) + (d X r'l) " (d_2 XT

o+ (d_ xr )

where: Q is t.he quantity expressed in po-
sitional notation form; r i{s the base or
radix of the number system raised to a
power; and d,, d,, de, duy, deg, €tc, . ...
are the characters of the radix,

Note that the radix point in the general

expression (known as the decimal point in the

decimal system) is not required because the
exponent goes negative, In the shorthand form

system is the amount of characters or. _the radlx point is placed between the dg x r® and

symbols it possesses, including the zero,

4, Quantity — A number of units (implies
both a unit and a number),

5., Modulus — The total number of different
numbers or stable conditions that a
counting device can indicate, {For ex-
ample, the odometer on most automo-
biles has a modulus of 100,000 since
it indicates all numbers from 00,000 to
99,999, The modulus of the hbur hand on
most watches is 12, and that of the min-
ute hand is 60,)

POSITIONAL NOTATION

The standard shorthand form of writing
rumbers is known as positional notation, As
mentioned before concerning this subject, the
value of a particular digit depends not only
on the digit value, but also on the position of
the digit within the number, Consequently, the
decimal number 9751,68 is the standard short-
hand form of the quantity nine thousand seven
hundred fifty-one and sixty-eight hundredths,
What the shorthand form really states is best
illustrated by an example as follows:

9751, 68 = (9 x 10°) + (7 x 10%) + (5 x 10) +
1x10%+@6x10Y+(8x1079),

|

\
expressed in the posit?onal

dard shorthand) form in any num-~
em, The general form is:

d., xr~ values,

. \
THE RADIX '

Every number system has a radix, or base.
When the radix is ten, the decimal system is
indicated; when r is eight, the octal system is
indicated; and when r is two, the binary system
is indicated, The division between integers and
fractions is recognized by the position of the
radix point, Additional characteristics of the
radix are as follows:

1, The radix of anumbering systemis equal
to the sum of the different characters which are
necessary to indicate all the various magnitudes
a digit may represent, For examp)é, the dec-
imal system, with a radix ten, has ten digits
of magnitudes 0 through 9.

2, The value of the radix {s always one unit
greater than the largest basic character being
used, This is because the radix is equal to the
number of characters, whereas the characters

JRb

themselves start from zero, Thus, the octal”

system (discussed later) has a radix'of eight
and uses digits 0 through 7,

3. The positional notation doesnot, in itself,
indicate the radix, The symbol ‘312’ could
represent a number written in the quartic (base
four), octal, or decimal system, or in any
system having a radix of four or greater, Binary
numbers are usually recognizable from their
string of ones and zeros. To avoid confusion,
numbers written in systems other than the deci~
mal system should have the radix noted as a
subsecript, i.e.,

315,72,
The radix subscript is always wrxtten as a
decimal (base ten) number,




4. Any number can easily be multiplied or

divided by the radix of its number system. In ,

decimal notation, to multiply a number by ten,
move the decimal (radix) point one digit to the
right of its former position, as follows:

34.564 o
X ten
345.64

The follc;wing statement brings out a fact often

overlooked.  The radix point could remain
stationary and the digits could move as follows:
034.564
X ten
345.640

This is reasonable when one considers that the
radix is fixed and the number represerted in
that radix is changed.

To divide a number by ten, move the decimal
(radix) point one digit to the left of its former
position or move the digits one digit space to
the right relative to the radix point as follows:

34.564
(tam) = 3-4964

In the same fashion, a binary number is multi-
plied by two when the binary (radix) point is
moved to the right one positionvalue or the
number is shifted to the left,as follows:

. 10101.01 x (two) 2,101010.1
COUNTING

The rules ‘for counting numbers written in
a system of positional notation are the same
for every radix. The octal system is used in
the following example to illustrate these rules.

1. Starting <from zero, add ‘‘one’’ to the
least significant digit until all basic characters

have been used: -

-

0,1,2,3,4,5,6,7,....

2. Since seven is the largest character in
this system, a larger number requires two
digits. Start the series of two-digit numbers
with zero as the least significant digit and a
‘1’ to lgft of the zero-

... 6,7 10, 11, 12, 183, 14, 15, 16, 17, . . .

v

3. Whenever any digit reaches its maximum:

value (seven, in this case), replace it with zero
and add ‘1" to its next more significant digit:

... 16, 17, 20, 21, . . . 26, 27,30,
31, ... 66, 67, 70, 71

4. When two or moré consecutige digits
reach the maximum value, replace them with
zeros and add ‘‘1’’ to the next more significant

> digit: - '
...76, 7, 100, 101, . . " 176, 177,
200, .. 776, 777, 1000 )
NOTE: The symbol ‘“10’’ always represents

the radix in its own system. This is tiye
because the radix is one unit larger than the
largest character, and by the rules, of counting,
this value is written as ‘‘10,”

For example:

Binary ‘“10"’ = two (the radix of the binary
system)
tal “10’’ = eight (the radix of the octal
system) -
Decimal ‘10’ = ten (the radix of the decimal
system) .

Binary System

The simplest possible number system is
based on powers of two and is known as the

. binary system. Thig system, keyed to the deci-

mal and octal systems, is used in the majority

of modern computers and in all digital devices.

By applying the rules of counting, an examplé
of binary and octal counting evélves, as shown
in Table 10.

By a convenient coincidence, the two binary

. conditions (1 and 0) can be easily represented
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by many electrical/electronic components if the .

1 binary state is indicated when the component
is conductive and the O state is indicated when
the component is nonconductive. The reverse
of this will work equally as well, i.e., the non-
conducting state of a component can be uged to
represent a 1 binary condition and a conducting
state the 0 condition. Both procedures are used
in digital corputer applications and frequently
within a single computer. Numerous devices
are used to provide representation of binary
conditions. These include switches, transistors,

relays, and diodes. -
- ~

«




- Table 10. —Counting

" Decimal Binary |- Octal -
0 0 0 /,/,
1 1 1 7
2 Y10 2
3 11 3
4 100 4
s 101 5
6 110 6 _
7 111 T |
8 1000 .10 .
9 1001 1
10 1010 12
1 1011 13
. 12 ,1100 - 14
X ~

T
H

The quantity represented using binary char-
acters (or the characters in any numbering
system) cannot be determined without knowing
the positional weighting value of each character
(digit). The positional value of binary charac-
ters from 20 (1) to 29 (5120, or 512 base ten)
are 1llustrated {n Table 11.

Consider the following hypothetical example.
A number of flip-flops (multivibrators) ar-
ranged in a chain to form a ‘‘register’’ car

. be gated by incoming pulses to some or all

of the flip-flops so that some are driven to
produce a SET or 1 output while others re-
ceive no input pulse and produce a CLEAR or

0 output. If it is assumed that there are ten

fitp-fiops in the chain, abinary condition (number)
represented could be 0000010101. The value

and it is now known that the flip-flop chain is
storing-the decimal equivalent of 21, ‘

The values of the other binary numbers in
Table 11 are determined {n the same manner,

By convention, weighting values are always
arranged in the same manner. The highest one
4g-on the extreme left and the lowest one is
on the extreme right. Thus, the position coe-
fficient begins at 1 and increases from right
to left. )

The leftmost 1 in any binary number (fig.

11) 1s always referred to as the “most sig-

nificant digit.”” This is often abbreviated MSD.

It is the ‘‘most significant’’ because it is multi-

plied by the highest valued position coefficient. .
The ‘““least significant digit,’’ or LSD, isalways

on the extreme right. It may be alorao,

and, when a 1, it has the lowest weighting

value (1). ’

The terms most significant digit and least
significant digit have the same meaning in any
numbering system. ~The MSD of the decimal
number 43,096 is 4, while the LSD is 6. When
43,096 is muitiplied, - divided, Subtracted, or
added to another number, the 4, being in the
10,000 place, will produce the greatest change
in the answer. Thus, it is the MSD. The 6, -
being in the units place, will produce the least
change in the answer. It is the least significant
di‘git. In most practical computation, an error
in’ the LSD has little significant effect. An.
MSD error, however; can result in an incorrec
answer of more consequence. ‘

Binary Coded Decimal

Each of the binary numbers that is shown
in table 12 is called a ‘‘binary-coded decimal
digit” or “coded digit.”” One can see that

without using any other binary numbers, it
is possible to represent any desired quantity
. by means of these coded digits. For example,

of this npumber can be determined b’"“mply‘ﬂn‘—ordvr"to—r‘é:rr“e‘fem 736, we simply write

summing ‘the positional values as {ndicated by
1’s in the table, By this procedure, the top
number {h-the table ylelds: &

ax2hiaxdax2)-2
Phus, '

00000101()12 = 2110, '

the coded digit for each decimal, and then we place
the digit in the same order as the decimals.
Thus, we arrive at 011100110110,

Binary coded decimal digits need not be
'spaced because we know that each one is com-

" posed of four binary digits. For easier read-

ing, However, a space usually will be placed
between each coded digit, thus: 0111 0011 0110.
Note that this number/ is not pure binary; it
is, instead, a binary-coded decimal number.
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Table 11, —Positional Weighting Value.

ISVI.

ov

POSITION
COEFFICIENT | 212 256{N28| 64 | 32

olojojo|o

ofojojojo

QUANTITIES ’
IN ——
. BINARY

MOST SIGNIFICANT

' . : LEAST SIGNIFICANT
DIGIT (MSD) ‘.\ ‘ : . DIGIT {LSD)

o C ‘ ol-

MOST SIGNIFICANT Te | LEAST SIGNIFICANT
DIGIT(MSD) 1 : DIGIT{LSD)

v

Plgure 11. —Positional Value.
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Table 12, ~Binary-coded decimal diélts.
‘| Decimal- Binary - Coded
Digit Decimal Digit.
================ =======—======
’ 0 % 0 0 0
1 0 0 o0 1
P) 0 01 o0/
3 o 0 1 t -
4 0 1-0 .0
5 ¢ o -t o0 .1
8 < P01 1 0
7 o 1 1 1
- ) ﬁ .
8 1 0 0 o0
9 1 0 o0 1
Octal System g

The octal system has eight distintt char-
acters; hence its radix is eight. The octal
system is quite useful as an accesdory to the
binary system, because eight is an integral
power of two (8)p = 2;8). One octal digit is
always equal to three binary and vice versid.

N O"tal to Binary Binary to Ocfal
2 2 5 010 010 101
010 ,010 101 _ 2. 2 5

By breaking a,binary number into groups of
three bits (Bnary digiTs), starting from the
radix point and’ working outwapds to the left
and right, the binary number may be written
in a manner which is called BINARY CODED
OCTAL (BCO). = This makes the confusing
string of 1’s and 0’s more understandable and
facilitates the conversion of the binary number

-

Base 10. Base 8
(decimal) (oc‘tal)
P _ -
S10+810° 1119 F+8=13

ax8l+axsf

510 x 610 = 3010 . 58 x 68 = 368

(3x81+6x80)

J . ‘ \ ‘ N

. 4s, carry and borrow quantities (in addition

. and "that 30j0, 368 and 424 are equivalent.)
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e /32

to an octal number. Such numbers..would...
appear with the subscript for example, |
0100101019 becomes 010 018(1‘6)1 and from -

there to 2258~ The binary number 0 0110.0111
becomes 010 110.011 100gcq and 26.34g. ‘

Arithmetic operations in the octal system
{or ahy nuifmbering system) use the same basic
procedures as does ‘the decimal system. That

and subtraction) are treated identically; a multi-
plicand is multiplied by each digit of the multi-
plier, etc. Howevef, the basic rules for the
addifion or subtraction of one digit to or from
another digit, or the multiplication or division
of one digit by another, are different for each
number, system. That is, two digits added in
one system will give an answer; the same two
digits, added in a different system may give a
‘‘different’’ answer. (The ‘‘different’’ answers
dre actually equivalent numbers.) The example
below shows the results of an addition apd a
multiplication of the same digits in three
systems. “

(Note fhat 1130, 13g, and 144 are equivalent

Each system requires its own addition and
multiplication tables. These tables may be
constructed by performing the required op-

rdtion ‘in the decimal system and converting }

e answer to its equivalent. For example.
the addition and rhultiplication tables for the
octal system are shown in Tables 13 and 14
respectively.

The most’important point to be Femembered
when performing arithmetic processes in any
number system is to USE ONLY THE CHAR- N
ACTERS (OR SYMBOLS) WHICH EXIST IN THAT
SYSTEM.

Base 7
(heptal)

1, ,, .0
57;67=147 (1x1)+(@4xT)

@x1+2x79




" Table 13.-Octal Addition,

o n 1] 2| 3| 4] 51 6} 7
T B The O SRR EEE PR

1 0 2] 3! 4] s 71 10

2 § 3] 4 6| 7110} 1

3 "“4| 5 7100 11| 12

4 4 516! 7110}11]| 12/ 13

L5 E 6 77101 13)13) 14

P67 ]10]11f12;13[ 14/ 15

Fo7 010111213 |14 15 16

4 ,
‘ \
Table 14.—-Octal Multiplication.

fo " 1| 2| 3| 4! 5| 6| 1
!:::::&b:::===.:=========== FICT R

S R U 4| 5 61 1
T2 ﬁ 2| 4| 6]10] 12|24/ 16

! 3 EL 3] 6011|1417 22} 25

| 45 4|10 142 24 30 3

l 5 u 5,121 17 | 24| 31| 36| 43

| 6-n 6 (1422|3036 4| 52

i 7 " 7|16| 25| 34|43 52/ 61

n .

CONVERSION )

If two numbers written in different number-
ing systems represent the same quantity, these
number’s-are equivalent (the represented quan-
tities are equal although the numbers are not
necessarily composed of the same characters).
Any change which retains the equivalence of the
original numbers results in* a new set of
equivalent numbers. Therefore, it is possible
to convert numbers from one numbering system

to another numbering system, that is, to change -

radices. Prior to d;scusszng the mechanics of
conversion, the following point {s stated.

To détermine the decimal quantitative mean-
" ‘ing of a number expressed in a system other
than the decimal system, write the number in
a power series summation, multiplying each
digit of the number by its radix raised to the
indicated positional power.

The  radix and the

/3,

(4

power must be expressed as a-decimal number
to obtain the decimal quantity.

Examples

Problem For what quantity does the bi- ~

nary number 10101. 01 stand? .

Solution:

mmmny-(ix2%+(0x2%+(1xz%+
(0x2)-r-(1x2)4-(0x2 )+

(1x2 )
-0x1&+0+(1x®+0+(1xﬁ
+0+ (1 x0.25) = 21. 25,

Iy

Problem: For what quantity does the oc-
: ) tal number 25, 2 stand?

Solution

Quantity = (2x 8 )+(5x8 )4—(2x8
. =(2x8)-+(5x1)+(2x0.125)
=16 +5+0.25
=21.25

Note that the numbers 21. 2510, 25, 28’ and
10101, 01 are equivalent.

A

BINARY - DECIMAL

v

One of the simplest, most direct, and most
easily remembered methods of converting from
binary to decimal and vice versa is the table
method {llustrated in table 15.

NOTE: To find the decimal equivalent of
a binary, number (10101.01 in this case) by
using the table method, insert the'binary num-
ber in the table, observing its binary positional
value and using the radix point as the ref-
erence. Then total the decimal values which
have the binary character ‘‘1’’ below them.
(A similar procedure was discussed earlier.)

Example:

Problem: Convert binary 101001.010 to
/ its decimal equiva.lent

Plugging the bxnary number
into the table and summing

Solution:

63
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Table 15.—Binary - Decimal Conyersion.for Decimal Number 41.25,

~ 'Contifiue
as high
as needed

210 raised '
to various
powers

25 | 24 | 23

. 1
.

- Continue 4s
=1

2-2 low as .
needed -

2l | 20

Equivalent
.expressed
asa . -
decimal

Quantity
expressed
asa -

.| decimal

<
[

the decimal mAes rqult—
in:

32. 00 (2°)
8.00" (2%
1.00 (29
0,25 (23

41.25 ,

-~

R

. Therefore, binary 101001.010 is equivalent
to decimal 41.25. The procedure to find the
binary equivalent of a decimal number is as
follows:

- 1. Find the largest whole power of two that
mAy be subtracted from the decimal number
and place the binary character ‘“1’’ underneath
the decimal value of this .whole power of two
in -the table.

" 2. Using the remainder, if any, from step 1,
again subtract the largest whole power of two.
Place the binary character ‘“1” underneath the
decimal valye of this whole" power of two in the
table,

3. Continue until the remainder is zero.
Uander every decimal value which does not
have the binary character ‘‘1,” place the binary
character ‘0,”

.— 4. Rounding-off of fractions is necessary

‘where exact conversions into binary are neither

possible nor necessary. .

-

-

-

Radix péint

Example: :
Problem: Convert decimal 41.25 to its
binary equivalent.
Solution: Decimal 32 (25) is the largest
whole power of two (Step (1).
A binary character ‘1’’ ‘'is
placed beneath the decimal
value 32 (25) in the table. The
remainder (41 25 - 32) is B.25.
Decimal 8 (23) is the largest
whole power of two which fits
into 9.25. The remainder(9.25
- 8) is 1.25. A binary char-
acter 1" ig’ therefore placed
under.the decimal 8 (23) in the
table. The' process continues :
until the remainder is zero or
rounding-oif is indicated. All
squares not containing the bi-
.nary character ‘‘1’’, are a
signed the binary char
. “0”
Therefore, decimal 41.25 is equivalent to binary -
101001.01.

/

- BINARY - OCTAL

. 64

Since one octal digit.is a&ways equal to
three 'binary digits (8;9 = as previously
gtated), conversion from binary to octal or
octal to binary is quite simple. Binary to
octal conversion is accomplished as follows:

1. Beginning at the binary point, mark off
the biaary number into groups .of three digits

140




to the left and to the right of the binary pbmt Therefore, octal 51.2 is equivalent to binzry
Add the binary character ¢‘0’* where needed to - 101001.010. R _
.complete a group of three. -

2. Replace each group of three binary char- " .
acters with its octal equivalent, which is: DECIMAL.\JOCTAL o

Rather than memorize rules and formulas,

L]

900 = 0 8 - it is suggested (as a learning procedure) that
© 001 = 18- you accomplish conversion from octal to decimal
010 = 2 or decimal to octal by utilizing the binary
o8 system as an intermediary. The following
011 = 38 examples point out how this is accomplished.
. 100 = 48 Example: , .
101 =5 , , Problem: What is the decimal equivalent
110 = 68 . of octal 51.27?
111.= g ' Solutlon From octal to binary by groups
~ of three;
Example: ’ ! .
~ Problem: Convert binary 101001.01 to Octal 5 1 . 2
c .~ . -its octal equivalent. - . =
Solution: , Binary | 101 | 001 .,‘gofo
Binary | 101 || 001 ' . | 010 then from binary to decimal by
P > - g . powers of two table and sum-
Octal 5 _l . 2 mation;

Therefore. bmary 101001.010 is equivalent Binary |1 {0 |1 jO0 {0 |1 {0 {1 0
to octal 51.2.

_ . Powers | ,5/24| 93| 22|21|20|2-1{5-2 |2-3
. OCTAL - BINARY . oftwo
’ - Decimal ' '

Octal to -binary conversxon is simply the -1 value 32 8 ‘ .1 0.25
reverse of the above procedure. For each T : v
octal digit, write the corresponding three bim.ry : and suinmation of decimal val—
digits. $ 32+ 8+ 1 +0.25=41.25

Example: X ues; +8+1+0, 25,

Problem: Convert octal 51.2 to its bi- 5 e T BT
nary equivalent, ;I‘Ixezx;efore. octal 51.2 is equivalent to decimal
Solution: ’ * e ’
: . Problem: What is the octal equivalent
Octal .5 1 . 2 - . of decimal 653.21?
i Binary 101 | 001 . oo | * Solution: From decimal to binary by .
whole powers of two.and table;
Powers !

oftwo |29 |28 127 2625 042322 21201 2-1]2-2 |2-3 |2-4

f:ﬁf:‘al 512 (256 | 128 [64 (32 [16]8 [4 |2 |1 |05 [0.25 | 0.125 | 0.0625

Binar}"‘10'10001101001_1
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653.21

=} 512.00

-

9 -
- . () 70.0625  (Place a 1 under 0.0625)
0.0225 Remalinder

(Place a 1 under 512)

- . 141.21 Remainder : (The conversion will be stopped at this
RS - : point for fhis example.) The binary equivalent
() 128.00 (Place a1 under 128) | N\, of decimal 653.21 is tng;QMxe ~~em,n
' 13.21  Remainder ‘e gadis sap 1T
) .- 1010901101 oo.u v b j‘ .
© (=) __8.00 (Place-a l.under 8) ’ Oy .
5.21 Remainder -~ . ‘which is now cormerted to‘ cta:l by groupa “of
LT - . . thiee(starting at the Faduepotityiradis. | o
(-) __4.00 . (Placealunder4) -~ - .
- 121 Rémalpder - 0wl ¥ . [Bimary [001 [010 [ 00T 101 ] 001] 100
(=) __1.00 ?Flacealunder,l)‘, e 7 T Loctat | 1] 2] 1 sl 1] 4
0.210 Remainder ..
T . Therefore, the octal equivalent of decimal 653.21
-) _0.125 {Place a1 under 0.125) is 1215.14. With practice, all of the above steps
.~ 0.6850 Remainder . ‘ can be done mentally.

-




The word "trigonometry"” means "measure-
ment by triangles." As it is presented in many
textbooks, trigonometry includes topics other
than triangles and measurement. However, this
gection is intended only as an introduction to
the numerical aspects of trigonometry as they
relate to measurement &f lengths and angles.

SPECIAL PROPERTIES OF
RIGHT TRIANGLES -

A RIGHT TRIANGLE has been defined as
angtriangle containing a right angle. The side
opposite the right angle in a right triangle is a
HYPOTENUSE.(See fig. 12,) In figure 12, side
.AC is the hypotenuse, -

Figure 12.— A right trianglé.

An important property of all right triangles,
which relates the lengths of the three sides,
was discovered by the Greek philosopher

Pythagoras.

PYTHAGOREAN THEOREM

The rule of Pythagoras, or PYTHAGOREAN
THEOREM, states that the square of the length
"of the hypotenuse {jn any right triangle) is equal
to the sum of the squares of the lengths of the

NUMERICAL TRIGONOMETRY

- ga3ts ?

2ey? ] :|
(A)

Figure 13.~The Pythagorean Theorem.
(A). General triangle; (B) triangle with
sides of specific lengths.

labeled as in figure 13 (A), the Pythagorean
Theorem is stated in symbols as follows:
x? + y2 = r?
An example.-of the use of the Pythagorean
Theorem in a problem follows:

EXAMPLE: Find the length of the hypctenuse
in the triangle shown in figure 13 (B).

" SOLUTION: 2532, 42
r=N9+18
=25=5

EXAMPLE: An cobserver on a ship at point A,
figure 14, knows that his distance from point
Cis 1200ya.rdsandthat the length of BC is
1,300 yards. He measures angle A and finds
that it is 90°. Calculate the distance from A
to B. '

SOLUTION: By the rule of Pythagoras,

(BC)? = (AB)? + (AC)?
(1,300)2 = (AB)? + (1,200)*
(1’300) 2. (1’200)2 = (AB)Z
(13 x 102)2 - (12 x 103 ? = (AB)?
(169 x 10%) - (144 x 10%) = (AB)®
25 x 104 = (ABP -

« other two sides. For example, if the sides are

500 yd = AB .. ..
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A

Figure 14.-—Usingthe Pythagorean Theorem.,

SIMILAR RIGHT TRIANGLES

Two right triangles are SIMILAR if one of
the acute angles of the first is equal to one of
the acute angles of the second. This conclusion
is supported by the following reasons:

1, The right angle in..the first triangle is
equal to the right angle in the second sin e\aiL
right angles are equal.

2. The sum of the angles of any triangle is
180°. Therefore, the sum of the two acute
angles in a right tringle is 90°, :

3, Let the equal acute angles in the two tri-
angles be representedby A and A’ respectwely
(See fig. 15.) Then the other acute angles, B
and B’, are as follows:

B =

-A
B' = 90° - A
3
. ‘ o
, - .
A .
A ¢ I ‘ ¢

Figure 15.—Similar right triangles.

4. Since angles A and A' are equal, angles
B and B’ are also equal.

5. We conclude that two right triangles with
one acute angle of the first equal to one acute

feet high, the shadow of the tree is 12 feet 1

Yy

B 6"8

angle "of the second have all of their corre-
sponding angles equal. Thus the two tfiangles
are similar,

Practical situations frequently occur in which
similar right tridngles are used to solve prob-
lems. For example, the height of a tree can be
determined by comparing the length of its
shadow with that of a nearby ﬂagpole as shown
in figure 16.

[N

. g
g - .
1FLAGPOLE
TREE
Amoow ¢ AT smaoow ¢
Pigure 16.—Calculation of ‘height by

comparison of shadows,

Assume that the rays of the sun are parallel
and that the tree and flagpole both form 90°
angles with the ground. Then triangles ABC
and - A’B’C’ are right triangles, and angle B is
equal to angle B’. Therefore, the triangles are
similar and their corresponding sides sre pro-
portional, with the following resuit:

BC _ B'C'
AC~ A'C’
Be - O x (B'C)

30

)
and the shadow of the flagpole is 24 feet 1&ng.
Then

Suppose that the flagpole is known to by

g

12 x 30

24 = 15 feet

‘ BC=

Practice problems.

1. A mastat.the topof a building casts a shadow
whose tip is 48 feet from the base of the build-
ing. If the buildingis 12 feet high and its shadow
is 32 feet long, what ‘is the length of the mast?
(NOTE: If the length of the mast is x, then the
height of the mast above the ground is x + 12.)
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2. thure 17 repreoenta mL-shaped build-
. ing with dimensions as shown. On ‘the line of
. sight from A to D, a stake is driven at C, a
point 8 feet from the building and*10 feet from
A. U ABC is a right angle, find the length of
AB and the length of AD. Notica that AE is 18
feet and ED is 24 feet.

24FT- ;

l‘ >
f 1
N
L S
8FT N 1 8FT
L % I
< .

Figure 17.-Using similar trfangles
Answers: \

1. 6 feet

g
g:b
[o2]
non
o
-~
©
1]
-

TRIGONOMETRIC RATI

. »

The relationships between the angles and the
sides of a right triangleare expressed in terms
of TRIGONOMETRIC RATIOS. For example, in
figure 18, the sides of the triangle are named
in accordance with their relationship to angle 4.,
In trigonometry, angles are usually named by
means of Greek letters. The Greek name of
the symbol ¢ is theta.

The six trigonometric ratios for the angle ]
are listed in table 16.

The.ratios are defined as follows:

. _ sid
1. sing = side opposite 8

hypotenuse
2. cos § = side adjacent to § _
”, hypotenuse \
30 :tan 8 =

side adjacent to 6~

side adjacent to 8
side opposite 8

' 4, cot @

A
r
X
r
side opposite§ _ y
X
X
y

69

-

<«

SIDE OPPOSITE
TO ANGLE 8

SIOE_ADJACENT
T0 ANGLE 8
(A) : (8)

-

Figure 18.—Relationship of sides and angles
in a right triangle. (A).Names of the sides;
(B) symbols used to designate the sides.

. Table 16.—Trigonometric ratios.

)
M
.

g Name of ratio

Abbreviation -
sine of 6 sin_6
cosine of ¢ cos 8 «
tangent of g tan ,6
cotangent of 8 cot 8
secant of 6 sec 6
cosecant of § csc 8

- hypotenuse

T

5. sec 6 = gige adjacent o 6 - x°
hypotenuge r

8. csc 6 = 5ide oppositd f08 =y

The other acute angle in figure 18 (B) is
labeled o (Greek alpha). The side opposite a
is x, and the side adjacent to a is y. Therefore,
the six ratios for a are as follows:

X A
1.sina¢=r 4.cota¢«x
y Iy
2.cosa=-; 5.seca=-.;;
X 4
3.tana=7 6.csca=-x-

Suppose that the sides of triangle (B) in fig~
ure 18 are ag follows: x=3,y=4, r =5,
Then each of the ratios for angles 6 and a may

s
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be expressed as a comyk-paction or as a
decimal. For example,

sin 0 = -g- = 0.800
sina =3 = 0.600
Decimal values been computed for

ratios of angles between 0° and 90°, and values
for angles above 90° can be expressed in terms
of these same values-by means of conversion
formulas. Appendix IL of this training pamphlet
gives the sine, cosine, and tangent of angles
from 0° to 90°. The sécant, cosecant, and
cotangent are calculated, when needed, by using
their relationships to the three principal ratios.
‘These relationships are as follows:

1

cosine 6

- to = —L
cosecan Sine o

1
tangent

.~ secant 9

cotangent 6 =

>

TABLES

Tables of decimal values for the trigono-
metric ratios may be constructed in a variety

" of ways. Some give the angles in degrees, min- .

. utes, and seconds; others in degrees and tenths
of a degree. The latter. method is more com-
pact'and is the method used for appendix II.
The "headings" at the bottom of each page:in
appendix II provide 'a convenient reference
showing the minute equivalents for the decimal
fractions of a degree. For example, 12' (12
minutes) is the equivalent of 0.2°.

-

. Finding the Function Value

- The trigonometric ratios are sometimes

cailed FUNCTIONS, because the value of the
ratio depends upon (is a function of) the angle
size. Finding the function value in appendix II
is easily accomplished. For example, the sine
35° is found by -looking in the "sin" row oppo-
site the large number 35, which is located in
the extreme left~-hand column.

Slnce our angle in this examiple is exactly
35°, we look for thé declmal value of the sine
in the column with the 0.0° heading. This col-
umn contains decimal values for functions of

»

- s

the angle plus 0.0°% ln our example, 35° plus
0.0° or simply 34. 0 Thus we find that the
sine of 35.0° is 0.5736. By the same reasoning,
the s}ne of 42.7° is 0.6782, and the tangentof
32.37 is 0.6322.

A typical problem in trigonometry is to find

the value of an unknown side in a right triangle

when only .one side and one acute angle are
known, EXAMPLE: In triangle ABC (fig. 19),
find the length of AC if AB is 13 units long and

a.ngle CAB is 34.7°.
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34.7°

. Figure 19.—Using the trigonometric
ratios to evaluate the sides.

SOLUTION:
AC | °
13 = cos 34.7
AC = 13 cos 34.7°
=13 x 0.8221 7 ]

.10.69 (approx.) -
B)a.ngles of a triangleare frequently ‘stated

in degfees and minttes, rather than degrees
andtenths. For example, in the foregoing prob-
lem, the angle might havebeen stated as 34°42'.
When the stated nymber of minutes is an exact
multiple of 6 minutes, the minute entrieg at the
bottom of each page in appendix II may be used.

Finding the Angle.

Problenis are frequently encountered in which

two sides are known {n a right triangle, but

neither of the acute angles s known. For ex-
ample, by applying the Pythagorean Theorem
we can verlfy that the triangle in figure 20 ls




recommended for interpolation:

The following arrangement of numl?eT is
ANGLE

_TANGENT |

5.

Pigure 20.—Using trigonometric -
ratios to evaluate angles.

& right triangle. The only information given
concerning angle® is the ratio of sides in the

triangle. The size of @ is calculated as follows:
tan 6 = <> = 0.4167
Ay =13 s

- 4 = the angle whose tangent is 0.4167

Assuming that the sides and angles in figure
20 are in approximately the correot propor-
tions, we estimate that .angle ¢ is about 20°.
The table entries for the tangent in the vicinity
of 20° are slightly too small since we need a
number near 0.4167. However, the tangent of
22°36' is 0.4163, and the tangent of 22°42' is
0.4183. Therefore, 6 is between 22°36' and
22742, .

N

Interpolation

It is frequently necessary to estimate the
value of an angle, to a closer approximation
than is available in the table. This is equiva-
lent to estimating between table entries, and
the process is called INTERPOLATION. For
example, in the foregoing problem it was deter-
mined that the angle value was between 22°36'
and 22°42'. The following paragraphs describe
the procedure for interpolating to find a closer
approximation to-the value of the angle.

3 ’ /

{!:::
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!
22736 0.4163 ‘
.0004 |/
6 6 0.4167 . ~0020
22°42" 0.4183 |
\
The spread between 22°36' and 22° 4
and we use the comparison of the tangent values

to determine how much of this 6' spread is in-
cluded in 6, the angle whose. value is sought.
Notice that the tangent of 6 is different from

_tan 22°36' by only 0.0004, and the total spread

in the tangent values is 0. 0020. Therefore, the
tangent of 8 is 888% of the way. between the
tangents of the two angles given in the table.
This is 1/5 of the total spread, since

0.0004 _ 4 _1
0.0020 ~ 20" 5

Another wa—)) of arriving at this result is
to observe that the total spread is 20 ten-
thousandths and that the partial Spread ccr-
responding to angle 6 is 4 ten-ﬁhousandihs.
Since 4 out of 20 is the same as l-out of 5, angle
8 is 1/5 of the way between 22736' and 22°42",

Taking 1/5 of the 6' spréad between the
angles, we have the following oalculatlon

NP (. *
-5-x6'--§x560 ;

= 1'12" (1 minute fo.nd 12 seconds)

The 12" obtained in this ¢alculation causes our )
answer to appear to have greater accuracy than
the tablés from which it is derived. This appar-
ent increase in accuracy is-a'normal result of
interpolation. Final answers based on inter-

. polated data should be rounded off to the same -

degree of accuracy as that of the originaidata.
" The value of 1 minute and 12 seconds found
in the foregoing problem is added to 22° 36, as’ .
follows "

8 = 22°36' + 1 12" = 22°37! 12"

Therefore 6is 22°37', approxxmately

The foregoing problem could have been
solved in terms of tenths and hundredths of a
degree, rather than minutes, as follows:
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ANGLE TANGENT

22.60°  0.4163
: 0.0004
o1 6 - . 0.4167 0.0020
' 23.70°  0.4183

“In this example, we are concerned with an
. angular spread of@.10° and 6 is located 1/5 of
the way through this”spread. Thus wé have

9 = 22.60° + (% x o.1o°)
8 = 22.60° + 0.02°
“ g =22.62° -

Interpolation must be approached with com- '

mon sense In order fo avoid applying correce

tions in the wrong direction. For example, the
cosine of an angle decreases-.in value as the
angle increases from 0° to 90°. If we need the
value of the cosine of an angle such as 22°39',
the calculaﬁol is as follows:

- ANGD COSINE
22°36" oo ﬁ
6 22°39'} ’ 0.0007
| 22°020 0.9225 )

In this example, it is easy to see that 22°39"
is halfway between 22°36' and 22°42'. “There-
- fore, the cosine of 22°39' is halfway between the
cosine of 22°36' and that of 22°42'. Taking
one-half of the spread between these cosines,
we then. SUBTRACT from 0.9232 to find the
cosine of 22°39', as follows:

cos 22°39" = 0.9232 - (3 x 0.0007)
| 0.9232 - 0.00035

0.92285
0,9229 (approximately)

”
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Practice problems:

1! Use the table i api)endix 11 to find the deci-
mal value of each-of the following ratios:

a. tan 45° d.- sin 37°14'
b. sin 60° “e. cos 51.5°
. f. tan 13.75° °

¢. cos 42°6' .

o

2. Find the angle which corresponds to each of
the following decimal values in appendix TI:

a. sin 8 = 0.2790 c. tan.8 = 0.7604
b. cos § = 0.9018 d.-sin 6§ = 0.8142
Answers:
l.a.1 . ' d. 0.6051
b. 0.8660 e. 0.6225
c. 0.7420 f. 0.2447
'2.a. 6=16.2° c. 8 = 37°15'
b. 8= 25°36 d. 9 = 54°30'

RIGHT TRIANGLES WITH
SPECIAL ANGLES AND SIDE RATIOS

Three types of right triangles are expecially
significant because of their frequent occur-
rence. These are the 30°-60°-90° triangle, the
45°-90° triangle, and the 3-4-5 triangle.

THE 30°-60°-90°" TRIANGLE

The 30°-60°-90° triangle is so named be-
cause- these are the sizes of its three anglés.
The sides of this triangle are in th® ratio of
1to V3 to 2, as shown in figure 21.

Figure 21.—30°-60°-90° triangle.

The sine ratio for the 30° angle in figure
21 establishes the proportionate values of the
stdes, For example, we know that the sine
of 30* is 1/2; therefore, side AB must be twice

_ @8 long as BC. I side BC is 1 unit long, then

-~
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side AB is 2 units:long and, by the rule of
Pythagoras, AC is found as follows:

AC = J{AB)? - (BC)?
T =NTo1=4T

Regardless of the size of the unit, a 30°-
60°-90° triangle has a hypotenuse which is 2
times as long as the shortesf side. The short-
est side is opposite the 30° angle. The-side op-
posite the 60° angle is ¥'3 times as’long as the
* shortest side. For example, suppose that the
hypotenuse of a 30°-60°-90° triangle is 30 units
long; then the shortest side is 15 units long,
and the length of the side opposite the 60° angle
is 15 /3 units.

Practice . problems. “Without reference to
tables or to the rule of Pythagoras, find the
following lengths and angles in figure 22:

1. Length of AC. 4. Length of RT.
2. Size of angle A. 5. Length of RS.
3. Size of angle B. 6. Size of angle T.

o

g  Rr/8C

~ Figure 22, ~Finding parts of
307-60°-80° triangles.

Answers:
1. 3 4. 4
2. 30> - 62 .
3. 60° { , 6. 30°
THE 45°-90° TRIANGLE . = .

Figure 23 {llustrates a triangle in which
two angles measure 45° and the third angle

Figure 23,—A 45°-90° triangle.

measures 90°. Since angles A and B are equal,
the sides oppasite them are also equal. There-
fore, AC equals CB. Suppose that CB is 1 unit
long; then AC is also 1 unit long, and the lengtn
of AB is calculated as follows:

(AB)? = 12 + 1% = 2
AB 1*/—2-

Regardless of the size of the triangle, if it
has two -45° angles and one 90° angle, its sides
are in the ratio 1 to 1 to V2. For example, if
sides AC and CB are 3 units long, ABis 3 N2
units long. i . -

Practice problems. Without reference to
tables or to the rule of Pythagoras, find the
following lengths and angles in figure 24:

1, AB _ © 3. BC - 3. Angle B
Answers: h

1. 2 V7 . 20,2 . 3. 45°

THE 3-4-5 TRIANGLE : M

The triangle shown in figure 25 has iis
sides in'the ratio 3 to 4 to 5. Any triangle with
its sides in this ratio is a right triangle.

It is a common error to assume that a tri-
angle is a 3-4-5 type because two sides are
known to be in the ratio 3 to 4, or perhaps 4
to 5. Figuré 26 shows two examples of tri-
angles which happen to have two of their sides
in the stated ratio, but not the third side. This
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Figure 24.—Finding unknown pafts
in a 45°-90° triangle.

3

- - - ~

3
(8)
Pigure 26.-Triangles which may be
mistaken for 3-4-5 triangles.

3
(A)

€

s . . -

can be because the triangle is not a right tri-
angle, as in figure 26 (A). On the other
hand, even though the triangle is a right tri-
angle its longest side may be the 4-unit side,
in which case the third side cannot be 5 units
long. (See figure 26 {(B).) .

It is interesting t%ote that the third side in
flgure 26 (B) is « This is a very unusual
‘coincidence’ in which one side of a right_ tri-
angle is the square root of the sum of the other

. two sides.

Related to the basic 3-4-5 triangle are all

" triangles whose sides are-in the ratio 3 to 4

to 5 but are longer (proportionately) than these
basic lengths. For example, the. triangle pic-
tured in ﬁgure 17 is a 3-4-5 triangle.

Figure 27.~Triangle with sities which
are multiples of 3, 4, and 5.

The 3-4-5.triangle is very useful in calcula~
tions of distance. <If the data can be adapted to
fit.a 3:4-5 configuration, no tables or calcula-
tion of square root (Pythagorean Theorem) are

' needed.

EXAMPLE: An observer at the tSp of a 40-foot. - -

vertical tower knows that the base.of the tower
is 30 feet from a target on the ground.
does he calculate his-slant range (direct line of
sight) from the target? ’

SOLUTION: -Figure 28 shows that the desired
length, AB, is the hypotenuse of a right tri-
angle whose shorter sides are 30 feet and 40
feet long. Since these sides are in the ratio 3
to 4 and angle C is 90°, the triangle ig,a 3-4-5
triangle. Therefore,’ side AB represents the
5-unit side of the triangle. The ratio 30 to 40
to 50 is' equivalent to 3-4<5, and thus side AB
is 50 units long. .

Practice problems. Without reference to
tables or to the rule of Fythagoras, solve the

- following problems:
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1. An obsevver is at the top of a 30-foot verti-
cal tower.. Cgajculate his slant range from a
target on the ground which is 40 feet from the
base of the tower.

»
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Figure 28 -Solvxng problems with a
}4 5 t{;angle

2. A guy wire. 15 feet long is stretched from
the top of a pole to a point on the ground 9 feet
from the base of the pole. Calculate the height
of the pole. .

?

Answers:

1. 50 feet 2. 12 feet

OBLIQUE TRIANGLES

Oblique triangles are defined as triangles
which contain no right angles, A natural approach
to the solution of problems involving oblique
triangles {s to construct perpendicular lines and
form right trtangles which subdivide the ori-
ginal triangle, Then the problem is solved by the
usual methods for right triangles.

DIVISION INTO RIGHT TRIANGLES,

The oblique triangle ABC in figure 29 has

been divided into two' right triangles by draw-
ing line BD perpendicular to AC. The length
of AC is found as follows:. B

1. Find the length of AD.

’

-

%512 = cos 40°

- AD = 35 cos 40° -

35 (0.7660)
26.8 (approxi‘niate'ly)

Figure 29. —Finding the unknown parts
of an oblique triangle.

CAUTION: A careless appraisal of this prob-
lem may lead the unwary trainee to represent
the ratio AC/AB as the cosine of 40°. This

. error is avoided only by the realization that the

trigonometric ratios are baset} on RIGHT tri-
angles.’

2. In order to find the length of DC, first

. calculate@D

BD'
35

BD = 35 sin 40°
35 (0.6428)
22.4 (approximately)

éin 40°

3. Find the length of DC.

22.4 _ tan 75°

224 _ 224
tan 75° 3.782

DC = 6.01 (approximately)

DC
DC

4. Add AD and DC to find AC.

Y

* . 268+ 6.01 = 3281

AC = 32.8 (approximg.tély)

SOLUTION BY. SIMULTANEOUS
EQUATIONS

A typical problem m trigonometry is the

- . determination of the height of a point duch as

B in figure 30.
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x tan 70° = (50 + x) tan 30°
( . B X (2.748) = 50 (0.5774) + x(0. 5774)
" i x (2.748) - x (0.5774) = 28.8
L
} x (2.171) = 28.8 ~
1
' = __.._28’8 =
| x 5171 13.3 feet
ih .
! Knowing the value of x, it is now possible o
: compute h as follows:
, i ) i -
¥ : < h = x tan 70°
. . A
- 0FT. . ¢ x. 0D = 13.3 (2.748)
Figure 30.—Calculation of unknown = 36.5 feet (approximately)
quantities by means of oblique triangles.
- ! Practice problems:
Suppose that point B is the top of a hill, and . -
point D is inaccessible. Then the only meas- j Find the length of side BC in figure 31 (4).
. urements possible on the ground are those ’
shown in figure 30, I we let h'represent BD 2. Find the height of point B above line AD in
, and x represent CD, We ‘can set up ‘the fol- - flgure 31 (B).
lowing system of simultaneoud equations
-2- = tan 70° . Answers:
h . ) 1. 21.3 feet 2. 41.7 feet
. 50 + x - an 30 4
, LAW OF SINES
Solving 'these two equations for -h in terms of .
X, we have ) . . -
. . The law of sines provides a direct approach
* o : .h =xtan 70° to the solution of oblique triangles, avoiding the
’ . necessity of subdividing into right triangles,
+ and -t Let the' triangle in figure 32 (A) represent.-
) ’ any oblique triangle with all of its angles acute.
e h = (50 + x) tan 30° The labels used in figure 32 are stand-
' : . ardized. The small letter a is used for the
o _ Since the two quantities which are both equal side opposite angle A; small b is opposlte angle .
to h must be equal to each other, we have B; small ¢ is Opp}\)__slte angle C.
t B8
1
$
i
1
. ) !
‘ |
5 I
i v . A 70 FT c 0
oo (A) (8)
' R . Figure 31 —(A) Oblique triangle with all angles acute;
. ’ . . (B) obtuse triangle. .
76 't (4 P
L 150"
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(A) 4 (8)
“Figure 32.—(A) Acute oblique triangle with standard labels;
(B) obtuse triangle with standard labels,

The law of sines states that in any triangle, SOLUTION: By the law of sines,
whether it i{s acute as in figure 32 (A) or obtuse e

* a8'in figure 32 (B), the following is true: 20 _-—c¢c
true: ‘ 8in"15" ~ sin 85

" a b c : °

_ = = ? _ 20 sin 85

sin A sin B_ sin C ¢ = sin 15’

EXAMPLE: In figure 32 (A), let angle A be
15° and let angle C be 85°. IFBEis 20 units,

o - 20 (0.0962) _ .
find the length of AB. T 70,2588 -

.
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APPLIED PHYSICS

problems as well as to reaching their solutions.
Physics not only teaches a person to be curious
about the physical world around him but also
gives him a means. of satisfying his curiosity,
Physics is the basic science that deals with
motion, force, and energy as shown in the laws
of mechanics, electricity, magnetism, sound,
heat, and light. .

"Your understanding of the weather and the
motions of the oceans as well as your ability
to analyze the situations that arise in ocean-
ography and meteorology depend upon your know-
ledge of the application of some of the fundamen-
tal principles of physics. This does not mean
that you must be able to understand all of the
comphcated theories of oceanography or meteor-
ology: however, it does mean that you should
have a fair working knowledge of some of the
more elementary. aspects of physics, as applied
to the atmosphere and the ocean,, as well as
other .physical laws, in order to ]!:ezjform your
duties as a -Marine Science Technician in a

Phystcs iz devotedtofinding-and defining——¢reditable-mamner:— — 4

MATTER AND ENERGY

Matter s dt_efined as anything that occupies
space and has weight. Matter is around us in
some form everywhere in our daily life—the
air we breathe, the water we drink, and the
food we eat. All of these are various forms
of matter. Two basic particles make up the
composition of all matter—~the atom and the
molecule. The molecule is the smallest particle
into which matter can be divided without de-
stroying its characteristic properties. Inphysics,
the molecule is the unit of matter. Molecules
are composed of one or more atoms. The atom
is the smallest particle of certain kinds of
matter called chemical elements. The atom,
in its simplest form, contains a central part
known as the nucleus and has positively charged
particles called protons and other particles
called neutros ‘kwhich have about the same
weight as protod§, but which have no.electrical
charge. ~ Surrounding the nucleus and
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moving about it are negatively charged particles
called electrons. Regardless of the number of
atoms present, the molecules of any element
(an element is a substance that cannot be broken
down into anything simpler) always consist of

[~~~ " the same kind of atoms. For example, every

moleciile of oxygen has two atoms ‘of oxygen.

A compound is a substance (or is matter)
formed by combining two or more elements,
Thus, ordinary table salt is a compound formed
by combining two elements-sodium and chlorine.
Elements and compounds may exist together
without forming new compounds. Their atoms
donot combine. This isknown as a mixture. Air
isa familiar mixture. Eyery sample of air con-
tains severalkinds of molecules which are chiefly
molecules of the elements oxygen, nitrogen, and
argon, together with the compounds of water
vapor and carbon dioxide. Ocean water, too, is
another mixture, made up chiefly of water and
salt molecules, with a smaller number of mole-
cules of many other compounds as well as
molecules of several elements,

Forms of Matter

Matter is found in one or more of the
following three states:
1. Solid. Solids are substances which have

» a definite volume and shape and will retain their

original shape and volume after being moved
from one container to another. An example is
a block of wood or a bar of metal.

2. Liquid. A liquid has a definite volume,

because it is almost impossible to pack it into,

a smaller space. However, when aliquid is moved

~from one container tb another, it will retain
its original volume, but will take on the shape
of the container into which it is moved. For
example,- if 2. glass of water is poured into
2 larger bucket or pail, the volume remains
unchanged but the liquid will occupy a dif-
ferent space in that it conforms to the walls
of the container in which it is poured.

3. Gas. _Gases have neither a definite
shape nor a definite volume. They will not
only take on the shape of the container into
which they are placed but will expand: and
fill it, no matter what the volume of the
con:ainer.

Since gases and liquids flow easily, they
are both called fluids. Moreover, many of the
laws of physics which apply to liquids apply
equally as well to gases. : :

another; it can be changed in form and ap-
pearance; it can combine with other kinds of
matter to form different substances. This fact
{s called the "Principle of Conservation of
Matter.”

Changes in Matter .

Although matter cannot be created or de-
stroyed, it is constantly undergoing some kind
of change. The changes are of three kinds:
physical, chemical, and nuclear. In physics
we are primarily concerned with the physical
change. -

1. Physical. In a physical change the
molecules remain the same and matter changes
only in state or form. Water is a good example.
Ordinarily water is a liquid; when the tempera-
ture drops to freezing and below, it goes into
its solid state (ice); and when the temperature.
is raised to boiling and above, it becomes
steam, which is a2 gaseous form of water. No
new substance is formed. The molecular’struc-
ture remains the same. )

2. Chemical. Chemical change occurswhen
the composition of the molecules of the sub-
stance is changed and a new substance with
different properties is produced. For instance,
in the example above illustrating physical
change, water merely changéd its state in
the change from liquid to iceNor liquid to
water vapor. However, when wate? is changed:
into hydrogen and oxygen by anelectric current,

a chemical change has taken place. The water

molecules do not now exist, and in their place
are three molecules of gas, two of which are
hydrogen, and one of which is oxygen.

3." Nuclear. A nuclear change is sim.lar
to a chemical change in that new substances

" with new properties are formed. However, in a

chemical change new materials are produced

by a rearrangement of the atoms of the original -

material; in a nuclear change, the changes in

" the identity of the atoms form new materials.

Matter itself cannot be created or de- -

stroyed. It can be changed from one state to

Atom bombs owe their destructive force to _

the important nuclear changes brought about
by «man.

Properties and Characteristics
of Matter

From our definition of matter (anything that
occupies space and has ‘weight), it can be said
that all kinds of matter have certain properties
in common. Two of these properties are weight

" and volume. There are several' other common

"~ 80
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properties which are covered briefly in” this
section. These properties are called general
properties of matter,

PERMANANCE. —Matter cannot be manufac-
tured or destroyed., Its form or state can be
.changed by’ one of the processes previously
mentioned.

IMPENETRABILITY.~Two objects cannot

occupy the same spaceat thesametime. For ex-
ample. a ‘Bat pushes aside the water as it trav-
els. when a bottle is filled with water, the
air is™orced out to make room for the water.

POROSITY.—In all matter there exists mi-
nute spaces or pores between the particles. We
can cite two examples of extremes in this case.
A sponge has pores, or openings, that can

readily be seen by the naked eye while a
block’ of methl or wood has very small pores.
- However, they are still present even though

Id

not vigibieé\to the naked eye.

INERTIA.~This property of matter is per~
haps the most fundamental of all attributes
of matter. In ghort, it is the tendency for an
object to stay at rest if it 'is in a position of
rest, or to continue in motion if it is moving.
Inertia makes bodies hard to start and hard
to stop.

VOLUME. --Since all matter occupies space,
it must have volume; that is, it has length,
width, and depth. Volume is said to have
dimensions of length cubed because it i§ the
product of threé linear measurements.

MASS. —~Mass is defined as the measure of
the quantity of matter contained in a body. This
property does not vary. For exdmple, a sponge
can be compressed or allowed to expand back
to its original shape and size, but the mass
does not change. The mass will remain the same
on the“earth as on the sun or moon, or at the
boltom of a valley or the top of a mountain.
Only if something is taken away or added to it
is the mass changed, Later in the section its
meaning  will MWavé a slightly different
connotation.

GRAVITATION.--We know from our previous
studies in science that every body attracts or
pulls upon other bodies. In other words, all
matter ‘has’ gravitation. Air masses exert a
gravitation attraction. One of Newton's laws
states that the force of attraction between two
bodies is directly proportional to the product
of their masses and inversely proportional to
the square of the distance between their two
centers. Therefore, ‘a mass will have less

gravitational pull on it at the top of a mountain

1

than it would at sea level because the center
is displaced farther away from the gravitational
pull of the center of the earth. Gravity also
varies with' latitude, being less at the Equator
than at the poles due to a greater distance from

the center of the earth. )

WEIGHT.—~The weight of an object is a
measure of gravitational attraction and depends
upon the mass or quantity that it contains
and the amount of gravitational attraction the
earth has for it. Weight is a force, and as such
it should be expressed in units of force, such
as the dyne in the cgs system.o\‘dyne is the
force that will give to a mass of 1 gram an
acceleration 'of 1 centimeter per second per
second. The force necessary to accelerate
1 gram 980.685 cm/sec? at 45° 14t would be
980.665 dynes.

Since gravity varies with latitude and height
above sea level, so must weight vary with the
same factors. Thus, you will weigh more at
the poles. than at the Equator and more at
sea level than atop a mountain. In a comparison
of mass and weight, mass will remain constant
no matter where it is, but weight will vary
with latitude and height above sea level,

DENSITY.~The mass of a unit volume of 2
substance or mass per unit volume is called
density. Usually we speak of substances being
heavier or lighter than another when com-

paring equal volum2s of the two substances.

W
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Since density is a derived quantity, the
density of an object can be computed by dividing
its mass (or weight) by its volume. The formula
for determining the density of a substance is

. M .
vV
where D stands for density, M for mass, and
V for volume. ]

Since mass in the cgs system is measured
in grams, and the unit volume in the cgs
system is 1 cubic centimeter, density may
be expressed as grams per cubic centimeter
We then have the equation

D« -E

. cm

In the metric syStem, 1 cubic centimeter of

water has a mass of approximately 1 gram;

therefore, the density of water is given as
1 gram per cubic centimeter or 1 g/cm3.

In the English system, the density of water
is 82.4 pounds per cubic foot, or 62.4 1b/ft3.

' The density of gases is derived from the
same basic formula as the density of a golid.




Pressure, volume, andtemperature all affect the
density of gases. This effect is discussed later
in this section under gas laws., Another notable
effect is the moisture content of a gas,

Helicopters have their greatest lift and at-
tain highest speeds in air of high density.
Thus, pilots of these craft prefer to fly under
-conditions of low temperature and high pressure
since thig is when the air is most dense. Too,
pilots of jet aircraft have a great interest in the
density of the air because air density not only
affects speed, rate of climb, and fuel consump-
tion, but it also plays an important role in deter-

_.mining ,the length of runway necessary for

takeoff

SPECIFIC GRAVITY.-The specific gravity
of a substance is the ratjo of the density of the
substance to the density of water-

Specific gravity
weight .of substance
~weight of equal volume of water

Specific gravity is not expressed in units but
as a pure number which tells how many times
a substance is heavier than water. For ex-
ample, if a substance has a specific gravity of
4, 1 cubic foot of the substance weighs 62.4
Ttimes 4 or 249.8 pounds. In metric units,
1 cubic centimeter of a substance witha specific
gravity of 4 weighs 1 times 4 or 4 grams. Note
that “in the metric system of units, the specific
gravity of a substance has the same numerical
value as its density. Because the density of
water is 1 gram per cubic centimeter, a sub-
stance whose specific gravity is 4 has a density
of 4 grams per cubic centimeter. Specific
gravity and density mre independent of the size
of the sample under consideration and depend
only on the material of which the substance is
made. .- _ :
The unit of volume most used is a cube with
an edge of unit length. In the English system,
volume is usually measured in cubic feet or
cubic inches. Thus, the unit is a cube 1 foot
or 1 inch on each edge. In the metric system,
the cubic centimeter or cubic meter is used.
Another unit commonly used in the metric sys-
tem is the LITER. The liter is the volume of
a cube 10 centimeters on each edge. The liter,
therefore, contains 1,000 cubic centimeters.

oy,

?

Systems of Unit and Measure

to have some method of weighing and measuring

the fundamental quantities in physics. Thethree - .

customarily chosen in physics arelength, mass,
and time. '

A complete set of units for measurement
of both the fundamental and derived quantities
is called a system. In order to.simplify rela-
tionships between different kinds of measure-
ments, scientists have adopted several systems.
Each is named in terms of the three fundamental
units upon which it is based. The system most
widely used in the United States is the FPS, ar
foot-pound-second system, called the English
system.
The system most widely used throughout the
civilized world with the exception of the United
States, England, Canada, and Russia is the
metric system. This system employs the cgs
or centimeter-gram-second system. The matric
system is most widely used by scientists the
world over.

The metric system isa decimal system simi-

' lar, to that used in the money system of the

United States, in that each unit is one-tenth the
size of the next larger unit of measure. Since
it is the system most widely used, and 1t is not
improbable that before many years this system
will receive worldwide adoption, it is the system
discussed here.

The metric system is not difficult to learn.
The meter is the unit of length and the gram 1s
the unit of mass. Theé\common subdivisions of
each of these units is then broken down by the
use -of certain prefixes such as centi-meaning

From very early tim=s it hasbeen necessary .

one one-hundredth—-and milli-meaning one ones—"""-

thousandth. The most common multiple for
these units is formed by using the prefix kilo
which®means one thousand. Table 17, shows
the measures of length in the metric system.
A meter is equivalent to approximately 39.37,
inches. Greek and Latin prefixes are used to
indicate larger or smaller units- of the meter.

Other quantities derived ffom length are
the area and the volume. The standard unit of
measure for area is the square centimeter, or

“ecm4. For volume the standard unit of measure

is the cubic centimeter, or cmS3,
Measures of weight in the metric system

are formed by adding the Greek and Latin pre-
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fixes to.the gram. There are approximately
454 grams to a pound. The kilogram is 1,000
grams and is equivalent to about 2.2 pounds.
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Table 17, —Metric measures of length.

Yicrometer . . . . 11/1,000,000 of a meter

Millimeter. . . . . 11/1,000 of a meter

Centimeter. . . . . 11/100 of a meter

Decimeter . ... , . 1/10 of meter

Dekameter. . . . . 10 meters

Hectometer, . . . . 100 meters =
" “Kilometer . . . , . 1,000 meters

Megameter. . ., . ,

1, 000, 000 meters

In both the English and the metric systems,
the second is-the standard unit of time.

In* the application of physics to Marine
Science, we may find that the units of mass, '
length, and time may be used to express dif-
‘ferent terms with the use of dimensions as listed
in table 18.

ble 18-Units and Dimensions ’
v’

TERM DIMENSION UNITS
Mass M g
Length - L " cm
Time T -1 sec
Velocity LT 2 cm/sec2
Acceleration r- em/sec
Force MLT2 g cmésec2
Work: . ML21-2 g cn?/sec?
Density ML=3 -2 cm 2
Pressure ML'T g/cm/sec
ENERGY

* Energy Is defined as the ability to.do work.
Energy is also sométhing that produces changes
in matter. Heat can change water from a liquid
to a gas, Tor example. There are many different
xinds of energy, but we age mainly concerned
with those kinds which affect the processes in
the atmosphere. The energy principle simply
stated. {s that energy is measured by the amount
of work a body can do. Work is done only when
a force succeeds in moving the body it acts-
upon. The quantitf of work done is equal to the
product of the force times the distance moved.
Therefore, we derive the formula

Y. -2 2

W=Fd or ML2T 2

= MLT ° x L = MLZT-

where W is the amount of work done, F is the

L
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" force, and d is the distance.

Work is measured in the English system by
the foot-pound; that is, if '1 pound of force acts
through a distance of 1 foot, it performs 1 foot-
pound of work, In the metric cgs system, if
the force is measured in dynes, the distance is

—measured—in centimeters;- and the work is-de--
notéd {n ergs f{the work done by a force of1
dyne exerted for a distance of 1 cm). Another
unit used to measure work is the joule. It ig
simply 10,000,000 ergs, and is equivgent to jusrt
under three-fourt® of a foot-pound. ="

Y

Two kinds of energy are important in our
study of atmospheric physics. They are poten-
tial energy (or energy at rest gr of position) and
kinetic energy (or the energy ‘of motion), which
aré discussed under energy considerations later
in this section.

MASS, FORCE, AND MOTION

MASS AND INERTIA

Any general discussion of the principles of
physics would be incomplete without some con-
sideration of the way in which mass, force, and
motion are related. Even the tiny particles of
atomic physics have mass and motion; in fact,
the physical laws relating to mass and majién
provide very important clues for use in the dif-
ficult task of predicting the .behavior of these
invisible particles. Some of the same laws govern-
ing their motion are also applied-to the ordinaxy
objects we encounter every day, -

You have probably learned that a body is
accelerated {made to move faster) by the applica~
tion of a force. The acceleration of a body is
directly proportlonal to the force causing that
acceleration. This information, however, is not
enough to write an equation involving force and
acceleration in familiar units. Acceleration dep-
ends alsoc upon the mass of the body thatls
being moved,

The term MASS refers to that property of
matter whith in ordinary language is described
as INERTIA, We know from experience that an
object at rest never starts to move by itself;
a push or a pull must be exerted o¢n it by some
other object. This external force is needed
because the body has inertia. To give a numer-
. lcal value to this Inertia, it is compared with
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some standard, the inertia of which is taken as
one, When the inertia of other bhodies is taken in
respect to this standard, itis called mass, There-
fore, mass is a measure of inertia; Suppose two
objects of identical size and, shape—are made of
different materials, If gravity were not present,
masses of the two objects couldbe judgedby their

Inertia~that is, by their resistance to change in .

Velocity‘

The observations that have been made point
to a connection between force, mass, and accel-
eration, It%a.n be ghown experimentally that the
acceleration of a body is directly proportional
to the force exerted on that body and inversely
proportional to the mass of that body or that

2 2 -1 -2

a = F/m or LT™ = MLT 2 xm! = LT

»

where a is the acceleration, F is the force ex- -

erted, and m {s the mass of the body. In the cage
of falling bodies, the force of gravity for a large
mass {8 greater than that for a smail mass, so

action-at-a;distance forces.

VECTORS

Problems arise in which it {s necessary to
deal with one or more forces gcting” oh 2 hody.
To solve problems involving forces, a means-of

representing forces must be found, A force ig

completely described when its magnitude, direct-
fon, and point of application are given. Because
a vector is a line which represents both magnitude
and direction, a vector may be used to describe
a force. The length of the line represents the
magnitude of the force, the direction of the.line

represents the direction in which the force s being

applied, and the starting point of the line repre-
sents the point of application of the force. For

+example, to represent a force of 10 pounds-acting

due east on point A, draw a line 10 units long,
starting at point A and extending in a direction
90° clockwise from north (See fig. 33.) .

loLs

that the acceleration of gravity becomes aconstant,

The preceding equation i the mathematical repre-
sentation of Newton’s second law. It ig probably
the most important equation in mechanics (this is
the name givento the branch of physics which deals
with force and motion). It is usually stated in the
form .

2 2 2

F = ma or MLT™? = M x LT = MLT"

When using this equation, be sure to use units

of mass and not units of weight,

FORCE

Force is-a push or pull aéting upon a body.

. Many people think that all force comes from
muscular effort, such as_the effort required to
push a box resting on the deck, Howevers water in
a can exerts force on the sides and bottom of the

-~ can and an upward force on any objecton the sur-

face of the water, A tug exerts force on the ship it
s pushing or pulling, In all of these examples, the
body exerting the force is in contact with the body
on which the force is exerted; forces of this type
are called contact forces. There are-also forces
"Which act through empty space without contact. The
force of gravity exerted on a body by the earth-
known as the wéight of the body-is one example of
this type of force. Forces which act through empty
space without contact are called action-at-a-dis-
tance forces. Electric and magnetic forces are

_ Figyre 33.—Example of a vector.

COMPOSITION OF FORCES

I two or more forces are acting simul- .

taneously at a point, the same effect can be
produced by a ,single force of the proper size

* and direction. 8 single force, which is equiva-
lent to the action of two or more forces, 1s called
the resultant, Putting component forces togetherto
find the resultant force is called composition of
forces. The vectors representing the forces must

~ be added to find the resultant, Because a vector
represents both magnitude and direction, the meth~
od for adding vectors differs from the procedure
used for scalar quantities, which have no direction.

Consider this example: Find the resultant
force when a vertical force of 5 pounds and a
horizontal force of 10 pounds are applied at point
A, (See fig. 34.) The resultant force may be
found as follows: Represent the given forces by
vectors AB and AC drawn to a suitable scale, as
in figure 34, At points B and C, draw dotted lines
perpendicular to AB and AC, respectively. From
A draw a line to the point of intersection X of the
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déttedlines. Vector AX represents the resuitant of

the two forces. Thus, when two mutually perpens

dicular forces act on a point, the vector represen-

ting the resultant force is the diagonal of a rect-

angle. The length of AX, on the same gcale as

that for the two original forces, is the size of the

resultant force; the angle & gives the direction
© with respect to the horizontal. -

\

When it is desired to find the resultant of
two forces which are not at right angles, the
following graphic method may be used. Let’ AB

accurately to scile. From point C draw a line
parallel to AB and from point Bdrawa line paral-
lel to AC, The lines will intersect at a point X,
as shown in figure 35. The forceAX is the resul-
tant of the two forces AC and AB, Note that the two

loLs.
Figure 34.—Composition of two right-angle forces.

dotted lines and the two given forces make a
parallelogram ACXB, Solving for the resultant in
this manner is called the parallelogram method,
The size and direction of the resultant may be
found by measurement from the figure drawn to
scale. This method applies to any two forces acting
oh a point whether they act at right angles or not.
Note that the parallelogram becomes a rectangle
for forces acting at right angles.

Consider the following problems as practical
examples of combin{ng forces:

1. A supply.barge is anchored in a river
during a storm. If the wind agts westward on it
with aforcevf4,000 pounds and the tide acts south-
ward on it with a force of 3,000 pounds, what is
the direction and the magnitude of the resultant
force acting upon the barge? Figure 36 shows the
forces acting upon the barge. If the force vectors
have been-drawn to scale, the magnitude and dir-
ection of the resultant may be obtained by meas-
uring the length of the diagonal of the cdnpleted
parallelogram and the angle the diagonal makes
with"a side of the parallelogram. The resultant

«_ can be found also by geometry and trigonometry.

and AC (fig. 35) represent th® two forces drawn ~

~

Figure 35.-Graphic method of the composition of
: forces.

From the Pyfhagorean relationship:

R2 = 30002 + 40002

2 _(3x1,0002 + (4 x1, 000)?
R? = (3% x1,000%) + (4 x 1,000%)
RC = (1,000%) x (32 4 4%)
R? « (1,000%) x (25 :
R =V (1,000%) x (25) = (1, 000) x (5)
R =5,0001b

WIND 4,000LB.

TIDE
3,000 LB.

F}gure 36.-Problem using the composition of
forces,

From trigonometry:

_ opposite side
+ ftan 6 = adjacent side

3,000
8 = 4000

\
= 36.99

< 0.750

The resultant is a force of 5,000 pounds acting
at an angle of 36.9° with the direction of the wind
or in a direction of 233.1° (270°~36.9° = 233.19.
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" pen ¢f its own,.

‘2. Witha slight modification, the parallelo=

gram method of addition applies also to the
reverse operation of subtraction. Consider the

- /
/. /
Z /
¢ —
/ X
Figure 37.-Parallelogram method of subtracting

forces. -

problem of subtracting force AC from force AB.
(See fig. 37.) First, force AC {s reversed in
direction giving -AC, Then, forces -AC and AB
are added by the parallelogram method, giving
the résulfant AX, which in this case is the dif-
" ference ‘between forces AB and AC, A simple
checlg to verify, the results consists of adding

AX fp AC; thé sum or resultant should be '

ident{éal with AB

N 3
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LKws OF MOTION

The atmdsgh’exe and hydrosphere are con-
stantly in motiox. This motion does not just hap-
ccord there are forces at work
wh!cl{ cause ittt move. Some forces cause it to
move f‘rofn one elevation. or height, to another as

N conve’ctive currents. -Other fdctors cause it to

move in:#arious directions with a great range of

+ speed, Still other factors cause it to move in

either a clockwise or counterclockwise fashion.

wton’s
some

,over wide areas. Perhaps a review of
“laws of motion will aid you in understand

of the reasons why the atmosphere and hydro-

sphere move ag they do.

NEWTON’S LAWS

Sir~ Isgac Newton, a foremost’ El;glish phys- *

fciet, formulated three important laws relative
to motion. In his first law, the law of inertia,
he stated that every body continues in its state of

rest or uniform motion in a straight line unless .

it is compelled to change by applied forces. Al-
though the atmosphere is a mixture of gases and
it has the properties peculiar to gases, it still
behaves {n many respects as a body.when consi-
dered in the terms of Newton’s law. There would
be no movement of great quantities of air unless
there was a force to cause it. For instance, air
moves from one area to another because there is
a force (or forces) great enough to change its
direction or to overcome its tendency to remain
at rest.

The second of Newton'’s laws of motion,
force and acceleration, states that change of
motion of a body is proportional to the applied
force and takes place in the direction of the
straight line in which that force is applied. In
respect to the atmosphere, this means that the
change of the motion of the atmosphere is de~

termined by the force acting upon it and takes -

place in the direction of that force.

Newton’s third law of motion, reacting forces,
states that to every actionthere isalways an equal
and opposite reaction, or the mutual actions oftwo
bodies are always equal and oppositely directed.
Consequently, there i3 never a force acting in
nature unless there are two bodies, one impress-

. ing, or exerting, the force and the other being

impressed by force. Still another aspectof the law
is that a force cannot exist by itself; it must exist
along with another force. It is clear, then, that

. there must-beat least two bodies and two forces. In

o
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the atmosphere there are many masses, or bodies,
of air, each exerting a force and having a force
exerted against it.

BALANCE OF FORCES—-WINDS

Newton’s first two laws of motion indicate
that motion tends to be in straight lines and only
deviates from such lines when acted upon by
another force, or by a combination of forces.
The air tends, for instance, to move in a straight
line from a high-pressure area toalow-pressure
area. However, there are forces which prevent
the air from moving in a straight line.

'PRESSURE GRADIENT FORCE

"’I’he variation of heating (and consequently
the variations of,pressure) from one locality to
another is the initial factor that produces move-

IS
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ment of air or wind. The most direct path from
high to low pressure is one along which the pres-

. sure is-changing most rapidly and is called the
pressure gradient. Pressure gradient force is
the force that moves air from an #ea,of high
pressure to an area of low pressure. The velocity
of the wind depends upon the pressure gradient.
If the pressure gradient is steep, the wind speed
is strong; if the pressure gradient is weak, the
wind speed is light.

CORIDLIS EFFECT ,

If pressure gradient force were the only
force affecting windflow, the wind would blow at
right angles across isobars (lines connecting
points of equal harometric pressure) from high
to low pressure. From observation we know the
wind actually blows parallel to isobars above
-any {rictional level. Therefore, other factors
must be affecting the windflow, and one of these
factors is the rotation of the earth. A particle
at rest on the earth’s surface is in equilibrium.
If the particle starts to move because of a pres-
sure gradient force, its relative motionis affected
by the rotation of the earth. If a mass of air from
the Equator moves northward, it is deflected to
the right, so that a south wind tends to become
a southwesterly wind.

An air mass moving from the North Pole
tends to become a northeasterly wind. This de-
flection is known as the Coriolis effect and is
stated as a law. (See fig. 38.) This law states
that when a mass of air starts to move over the
earth’s surface, it is deflected to the right of
its path in the Northern Hemisphere and to the

"left of its path in the Southern Hemisphere.
Coriolis effect is dependent upon the latitude
and speed of the moving air mass. It {s greatest
at the poles and nonexistent at the Equator. It
increases as the speed of the moving air mass
increases.

In figure 38, note that if an objéct at point
A in space i$ moved toward point B in space, an
observer in space would see the object move
from A to B along a straight line in space. An
observer at point C on the rotating plane,however,
would find himself under point B when the object
arrived at point B in space. It would appear to
the observer on the rotating plane that a force D
had been acting on the moving object to push it to
the right of its path, This effect is the Coriolis

Figure 38.-—~Coriolis effect.

(or deflecting) effect. Study illustration 38 care-
fully; note that no actual force is involved and
also that no actual deflection has taken piace.
The deflection is apparent; that is, it appears to
be a deflection caused by a force. In Marine
Science, we speak of this deflectionas the Coriolis
effect. This effect can be further illustrated by
rotating a piece of paper while trying to draw a
straight line between a point on the paper and a
fixed point off the paper.

CENTRIFUGAL EFFECT

According to Newton’s first law of motion,
a body in motion continues in the same direction
in a straight line and with the same speed unless
acted upon by some external force. Therefore,
for a body to move in a curved path, some force
must be continually applied. The force restrain~
ing bodies to move in a curved path is called the
centripetal force, and it is always directed
toward the center of rotation.” When a rock is
whirled around on a string, the centripetal force
is afforded by the tension of the string.

3

Newton’s third law states thatfor every action
there is an equal and opposite reaction. Centrifugal
force is the reacting force which is equal to and
opposite in direction tothe centripetal force, ce, Cen~
trifugal force, then, is a force directed outward
from the center of rotation.

As you know, a bucket of water can be swung




over your head at a rate such that the water does
not come out. This is an example of both cen-
trifugal and centripetal force. The water is being
held In the bucket by centrifugal force tending to
pull it outward. The centripetal force, the force
holding the bucket and water to the center, is
your arm swinging the bucket. As soon as you
cease swinging the bucket, the forces cease and
the water falls out of the bucket. Figure 39 is a
sfinplified illustration of centripetal and cen-
rrifugal force.

CENTRIFUGAL
FORCE

Figure 39.—Simplifled illustration of centripetal
and centrifugal force. a

High- and low-pressure systems canbe com-~
pared to rotating disks. Centrifugal effect tends to
fling air out from the center of rotation of these
systems. Therefore, when winds tend.to blow in a
circular path, centrifugal effect (in addition to

essure gradient and Corlolis, effects) influences
these winds, .

' SPEED AND VELOCITY

The terms ‘‘speed’’ and ‘‘vélocity’’ are fre-
quently used interchangeably. However, it should
be understood’ that the two are not the same,
Speed'is the rate at which a body moves, whereas
velocity describes both the RATE at which a
body moves and the DIRECTION inwhich it travels,

_ .. In meteorology, speed is the term that should
en only rate of movement is meant,
ctionis involved along with speed, the two
uld  be expressgd' as ‘‘wind direction and

.

CIRCULAR MOTION .

Motion that takes a eircular path is contrary
to.the natural tendency of motion to be in straight
lines, As mentioned earlier, air tends to move
from one pressure area to-another.in straight
lines. Air moves in a circular path as a result
of the balance of the effective forces or effects—
pressure gradient, Coriolis, and centrifugal.

4 ©

We have applied Newton’s Laws of Motion to
the atmosphere, but it is easy to relate the same
laws of motion to the-hydrosphere when we con-
sider both air and water as MASS in motion.

-GAS LAWS

Since the atmosphere is composed of a mix-
ture of gases, familiarity with the fundamental
concepts of the most impportant gas laws and
principles will aid ydv inunderstanding the effects
that temperature, pressure, and volume variations
have upon the atmosphere.- Besides the basic gas
laws, there are other physical aspects of the
atmosphere which must be considered.

ATMOSPHERIC PRES?URE ’

Pressure is defined as force per unit area,
Atmospheric pressure is the force per unit area
exerted by the atmosphere in any part of the
atmospheric envelope, Therefore, the greater the
force exerted by the molecules of the air for any
given area, the greater the pressure. Air pres-
sure at any given altitude within the atmosphere
is determined by the weight of the atmosphere
pressing down from above. Therefore, the pres-
sure decreases with altitude because the weight
of the atmosphere decreases. Although the pres-
sure varies on a horizontal plane from day to day,
the greatest pressure variations are with changes
in altitude. Nevertheless, horizontal variations of
pressure are important in meteorology because
they cause or help to cause good and bad weather.

At sea level, the average pressure {s about
1,013 millibars (14.7 ‘pounds per sqiiare inch).
It has been found that the pressure decreases by
half for each 18,000-foot increase in altitude.
Thus, at 18,000 feet one can expect an average
pressure of ahgut 500 millibars (7.35 pounds
per square inch), and at 36,000 feet a pressure
of only 250 milliba'gs (3.68 pounds per square

e~ -




inch), etc, Therefore, it may be concluded that

atmospheric pressures are greatest at lower

elevations because the total weight of the at-
: nwsphere is greatest at these points.

Atmospheric pressure is normally measured ~

in meteorology by the use of a mercurial or
aneroid bharometer. Pressure is measured in
many different units. One atmosphere of pres-
sure is 29.92 inches of mercury, 760 milli-
meters of mercury, 1,013.25 millibars, 14.7
pounds per square inch, or 1,033 grams per
square centimeter., These measurements are
made under standard conditions. The U, S. Stand-
ard Atmosphere assumes a mean sea level
temperature of 15°C, a standard sea level pres-
sure” of 1,013.2 millibars or 29.92 inches of
" mercury, a temperature lapse rate of 0.65°C per
100 meters up to 11 kilometers, and a tropo-
pause and stratosphere temperature of -56.5°C.

STANDARD CONDITIONS

The conditions under wHich gases must be
compared, densities determined, and gas con-
stants derived are known as the standard con-
ditions for gases. The standard conditions are a
pressure of 760 millimeters of mercury (1,013.25
mb) and a temperatureof 0°C, sometimes referred
to as STP (standard temperature and pressure).

14

KINETIC THEORY OF GASES °

The kinetic theory of gases is very heplful
in understanding the béhavior of gases. Gases,
like some other substances, consist of molecules
which have no inherent tendency to stay in one
place do the molecules of a solid. Instead,
the m:lseAtleS of gas, since they are gmaller
than the space between them, move about at
random (but in straight lines until they collide
with each other or with other obstructions).
However, this movement has an average speed.
When gas is enclosed, its pressure depends on
the number of times the molecules strike the
surrounding walls. The number of blows which
the molecules strike per second against the
walls remains constant as long as the tempera-
ture and the volume remain constant.

If the volume {the space occupied by the gas)
is decreased, the density 3T the gas is intreased,
Density is defined as mass per unit volume.

v
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DALTON'S LAWS
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An object that contains more molecules per unit’
volume is said to be denser than an object that
contains less. Since air is easily compressed,
density is girectly proportional to pressure.
With an increase in density, the number of blows
against the wall is increased, thereby increasing
the pressure, the temperature remaining con-
stant, Temperature is a measure of the mole~
cular activity of the gas molecules and a measure
of the internal energy of a gas. When the temp-
erature is increased, there is a corresponding
increase in the speed of the molecules; they strike
the walls at a faster rate, thereby incréasing the
pressure, provided the volume remains constant.

. Temperature is therefore closely related to
the volume, pressure, and density of gases. The
earth sphere (the air) is a mixture of gases.

How do heat)and humidity influence pressure?
Moist air is i r than dry air and so exerts
less pressure. An increase in temperature allows
an increase in moisture content and lightens air
in that manner. More important, heat expands air,
which also makes it lighter per unit volume.

We can summarize this discussion with a few
statements as they apply to the atmosphere.
They are as follgys:

S

1. Anincrease inatmospheric pressure re-
sults in an increase in atmospheric density. Con-
versely, a- decrease in pressure results in a
decrease of density.

2. An increase in-moisture in‘the air de-
creases atmospheric density. Conversely, a de~
crease in moisture increases the density.

3. Anincrease in temperature causes airto
expand and lowers its pressure and density. It
"also increases its . capacity to hold moisture.
Conversely, a decrease in temperature contracts
air and increases its pressure and density; it
also decreases the atmosphere’s capacity to hold
moisture,

g2 3 «
The laws{governing the behavior of gases and

mixtures of pases are given in the following
sections.

The laws relative to the pres{sure"of a(mix-
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ture of gases wére formulated by the English

physicist, John Dalton. Orie of the laws statesthat

" the parfial pressures of two or more mixed gases

{or vapors) are the same as if each filled the

space alone. The other law states that the total

pressure is the sum of all the partial pressures

. of gases and vapors present in an enclosure.

Water vapor, in the atmosphere, forinetance.
is independent of .the presence of other gases;
the vapor pressure is independent of .the pres-
sure of the dry gases in the atmosphere, and
vice versa. The vapor pressure for any given
temperature has a maximum limit; this limit is

* reached when the air is sagxrated {can hold no

- more molsture at that temperature and pres-

sure). However, the total atmospheric pressure

¢ is found by adding all the pressures—those of the
drgair and the water vapor.

BOYLE’S LAW

Boyle’s law states that the volume of a gas

is inversely proportional to its pressure, pro-
vided the temperature remains constant. This
means that if the volume is halved, the pressure
is doubled. Boyle’s law, as 4t is applied to
atmospheric physics, is a fundamental law. Since
in the free atmosphere one is not dealing with ¢on-
trolled voiumes of gas, Boyle’s lawisusedin con-
junction with other laws to provide the solution to
various problems in atmospheric physics. The
formula for Boyle’s law is as follows: N

VP = VP o
V—initial volume
P—initial pressure ‘
Vnew volume
Pnew pressure .

.

Ao
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CHARLES' LAW

T In the section on the kinetic theory of gases,

it was explained that the temperature of & gas .

{5 a measure of the average speed of the mole-
cules of the gas. It was also shown that the
. pressure the gas exerts is a measure ,of the

/‘ . number of fimes per second that the molecules
strike the walls of the container and the speed |
2 at which they sfrike it. It then can easily be

séen that if the femperature of a gas in a closed
container is raised, the speed of the molecules
within the gas increases. This causes the mole-

.

formula which gives the same information as
Boyle’s law, and Charles’ law. It involves a gas
constant, which is’a value' ' assigned each gas.

when the pressure is expressed in miilibars and
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cules to strike the side of the container more
times, per second and with more force, gince they ’
are moving faster. Thus, by increasing the
temperature, the pressure i incteased. This

is stated by Charles’ law in the following mdnner:

U the volume of an enclosed gas remains constant,

the préssure is directly proportional to the abso-

lute temperature. Therefore, if the-absolute temp-',
perature is doubled, the pressure is doubled; if -
the absolute temperatu.re is halved, the pressure

is halved.

Charles’ law, as.it is applied to aémosphe
physics, is one of the foundationlaws. Thefo

for Charles’ law is as follows:
3

VT”= V’/T, or it can be written “//'- :51./

V—Initial volume )
T-;-Inltial temperature(absolute)
V—New volume

* TLNew temperature(absolute)

.
UNIVERSAL GAS LAW -

/

x

The universal gas law is a combination of
Boyle’s law and Charles’ law. It states that the
product of the initial pressure, initial yolume,
and new*temperature (absolute scale) of an en-
closed gas is equal to the_ prodiuct of the new
pressure, new volume, and initial temperature.
It is, a mathematical statement whereby many
Bas problems can be sded involving principles
“of Boyle’s law and/or Charles’ law. The formula
is as follows: , ;
PVT=PYVT ., L .

%l ’ .

P~initial pressure © ,. - ',
V—initial volume ~ . =~
T—initial temperature(absolute)
P--new pressure . X x
V< new.volume ’ ' °
TLnew temperatue(absblute)

’ ' .
.’

EQUATION OF STATE

The EQUATION OF STATE i{s a general .

For instance, the gas constant of ‘air is 2,870,
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the density is expressed in metric tons per cubic
meter. The constant may be expresseddifferently,
depending on the system of units used. Thefollow-
ing formula is an expression of the equation:

Pa 2 RT

-

P—pressure in millibars
_ o —density -
- R—gas constant .
T—temperature {(absolute)

PASCAL'S LAW _ \

Pascal’s law relative to the behavior of
" FLUIDS under ‘pressure applies, of course, to
GASES under pressure, all of which means that
a gas transmits undiminished pressure in all
directions and on all parts of the enclosing wall.
The law states that when an external ¥ressure is
applied to any confined fluid at rest, the pres-
sure is increased at every point in the fluid
by the amount of external pressure applied.
This means’ that the pressure of the atmosphere
is exerted not only downward on the surface
of an object, but also in all directions against
a surface which iS exposed to the atmosphere.

BERNOULLI’'S THEOREM
!

According to Be i’s theorem, pressures
are least wl}er'é' velocities are greatest, and
pressures are greatest where velocities are
least. This is true of liquids and gases. (See fig.
40.) .

One of the practical uses of the theorem as
applied to meteorology is for forecasting winds
of 3 certain kind. For the purpose of illustra-
tion| the Santa Ana wind is used. The condition
which p;oduce§ this wind is a high-pressure area

th a strong pressure gradient situated near
Salt Lake City, Utah. This gradient directs the

~windflow into a valley leading to the town of

Santa’ Ana near the coast of California. As the

wind enters the,valley, its flow is sharply re- °

stricted by the funneling effect of the mountain

sides. This restriction causes the wind speed

to increase, bringing about a drop in pressure
in and near the valley. This pressure dropcaused
by the Bernoulli effect is a valuable forecasting
aid in predicting this type of wind.
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Figure 40.—Example of Bernoulli’s theorem.

(0w .

fLOCHt ,

ARCHIMEDES’ PRINCIPLE

"Archimedes’ principle dtates that a body
completely or partially .submerged in a fluid
experiences an upward force equal to the wejght
of the fluld displaced. Archimedes’ principle
of buoyancy is also at work in the atmosphere,
for the air is a fluid and it has a lifting effect
upon everything which it surrounds. This buoyant
force is equal to the weight of the air which is dis-
placed. Consequently, the atmosphere, throughits
buoyancy, exerts a greater pressureupward anthe
bottom of an object than it does downward on the
top of an object. Knowing that the lifting effect of
the air is equal to the weight of the air displaced,
you may determine the total lift .of a balloon as
being almost equal to the weight of the air dis-
placed, minus the weight of the gas used for
inflation, .

-

AVOGADRO’S NUMBER

It was the‘hypothesis of Avogadro that equa:
volumes of all gases under the same pressure and
temperature contain the same number of mole-
cules. The number of molecules in a gram mole-
cule of gas is knownas ‘AVOGADBO’SNUMBERé%
gram molecule. of any gas contains 6.02 x 10
molecules and at 0°C an,g 76 cm pressure occupies
a volume of 22,414 cm”. A gram molecule is the
mass of a compound equalnumerically to the value
of its molecular weight; likewise, a gram atom
is the mass of an element numerically equal
to the value of its atomic weight,

HYDROSTATIC EQUATION

The HYDROSTATIC LAW states that the
difference in pressure between two points at
different levels in a mass of fluid at restis

" equal to the Wweight of a column of the fluid of a
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unit cross section reaching vertically from one
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level to another.

For the atmosphere, the hydrostatic law
stites that the difference in pressure between two
Points in the atmosphere, one above the other, is
. equal to the weight of the air column between the
two points. Although these two laws are essent-
fally the same, thére are two variables which must

he considered when applied to the atmosphere. .

" They are temperature and density,
r .

From Charles’ law it was learned that when
the temperature increases, the volume incregses
and the density decreases. Therefore, the thick-
ness of a layer of air will be greater when the
temperature is increased. To find the height of a
pressure surface in the atmosphere (such as in
working up an adiabatic chart), you must take these
two variables into consideration,

In the computation of a radiosonde observa-
ton, a set of tables has been computed and the
aensity has been incorporated in these tables.

The thickness of a layer can be determined
by the following formula:

Po-P
= (49, 080 + 107t) =—= Por P

Z—aititude difference in feet
(thickness of layer)
t—mean temperature in degrees
Fahrenheit
Po—pressure at the bottom point
of the layer. -
P—pressure at the top point of the layer

. For _example, let assume that.a layer
of air between 800 and 700 ibars has a
mean temperature of 30°F. Applying the formula,
we obtain-the followlng value:

800 - 700
800 + 700

100
1,500

Z = (49,080 + 107 x'30)
= (49,080 + 3,210)~~———

z =~(52,290)1—f,,-

Z = 3,486 feet (1,063 meters)”

We can also apply the HYDROSTATIC
EQUATION to the hydrosphere by using the
following formula:

pvzh‘

P - pressure of the water column
-9 - density of the water column
g - acceleration of gravity

h - height of the water column

CHANGE OF STATF

A change of state (or change of phase) of a
substance describes the change of a substance
from a solid to a liquid, liquid to a vapor, vapor
to a liquid, liquid to a solid, solid to vapor, or:
vapor to a solid, In meteorology we are concerned
primarily with the change of state of water in the
air. Water is present in the atmosphere in any
or all of the three states(solid, liquid, and vapor)
and changes back and forth from one state to

'another. The mere presence of water is import-

ant, but the change of state of the water in the
alr {s more important because the change of state
of water affects the weather diregtly. The solid
state of water is in the form of ice crystals; the
liquid state of water is in the form of raindrops;
and the vapor state of water is in the form of the
unseen gas in the air. Clouds and fogs are com-

posed of tiny droplets of water, not of water vapor.

Energy is involved in the various changes of
state which occur in the atmosphere. The energy
involved in the various. changes of state is primar- "
ily in the form of heat. The heat which is used by

" the substance in changing its state is referred to

as the latent heat and is usually stated in calories.
The calorie is a unit of heat energy. It is the
amount of heat required to raise the temperature
of 1 gram of water 1°C, A closer look at some of
the major changes of state of the atmospherehelps
to clarify latent heat.

EVAPORATION

Evaporation is the physical process in which

a liquid is changed to.a gaseous state.

Water "undergoes the procless of evaporation
when changing from the liquid to’ gaseous state.

According to the molecular theory of mattet, . .

all matter consists of. molecules in motion. The
molecules in a-bottled liquid are restricted in

1 » "(
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their motion by _the walls of the container. How-
ever, on a free surface exposed to the atmos-
phere, the motion of the ‘molecules {n the liquid
is restricted by the weight of the atmosphere o¢r,
more precisely, by the atmospheric pressure,
If the speed of the liquid molecules is sufficiently
high, they escape from the surface of the liquid
- into the atmosphere. As the temperature of the
liquid is increased, the speed of the molecules
is increased, and the rate at which the miolecules
escape from the surface also jncreases. Evap~
oration takes place only fron the free surface
of a substance, ’
~

-

»

During the process of evaporation, heat is
absorbed by .the water being- vaporized. -The
amoygd- absorbéd is approximately 539 calortes
per gram -of water at a temperature of.100°C,

On' the other hand, the amount is 597,3 calories ~

if the evaporation” takes place at 0°C, .This
energy is required to keep the molecules in the
vapor state and {s called the latent heat of
vaporization. Since the water needs to absorb

. heat in order to vapértze, heat must be supplied

or else evaporation cannot take place. The air
.provides this heat. For this reason, evaporation

Is said’ to be a cooling process, because by -

.supplying. the heat fdr vaporization, the tem-
perature of the air is lowered,

When evaporation takes place throughout the
water, -it. is called boiling. For water to boil,
heat must be added to the water from another
saurce. Since boiling has no application in meteor-
ology, it is not discussed any further.-

CONDENSATION

Basically, condensation is the opposite of
evaperation, in that water vapor undergoes a

change in state from gas to liquid. Howeyer,. a -
condition of saturation must be fulfilled beforwuds‘

condensation can occur;. that is, the air must
Cotitalfi—ail_ the water vapor It can hold (100%

)

?%3   . /é@

FUSION

Fusion is the change of state from a solid
to a liquid at the same temperature. The num-
ber of gram calories of heat necessary to change
1 gram of a substance from the solid to'the
liquid state is known as the heat of fusion. To
change 1 gram of ice to 1 gram of water at a
constant temperaturé and pressure require®
roughly 80 calories of heat. -

Latent heat of fusion is the heat released by
the liquid when a liquid changes into a sclid.
Since it requires 80 calories to change 1 gram
of icetto 1 gram of water, this same amount of
heat is released when 1 gram of water is changed,.
to ice; therefore,” the latent heat of fusion cf
watetﬁs about 80 calories. -

SUBLIMATION

Sublimation is the change of state from a
solid to a vapor at the same temperature. The
heat of sublimation equals the heat of fusion,
plus the heat of vaporization for a substance.
The calories required for water to sublime are:
80 + 597.3 = 677.3, if the vapor has a tempera~-

ture of 0°C. (See-figure 41,) :

-

C RYSTALLIZATION

The process of vapor passing directly into
the solid form without going through the liquid
phase is called crystallization. This process,
as well as its reverse, is often called sublima-
tion in meteorology. (See fig. 41.)

The calories liberated-by crystallization are
the same as those for sublimation. Crystailiza-
tion frequently takes place in the atmosphere
when supercooled water wvapor crystallizes di-
reetly (nto ice crystals and forms cirriform

relative humidity) before ‘any of it can condense ‘SPECIF{C HEAT

from the atmosphere.

In the process of condensation, the heat that
was absorbed in evaporation is released from the
water vapor into the air and i# called the latent
heat of condensation.

1

The specific heat of a substance shows how
many calories of heat it takes to raise the tem-
perature of that substance 1°C. Since it takes
1 calorie to raise the temperature of 1 gram of
water 1°C, the specific heat of water is 1. The
specific heat of a substance plays a tremendous
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. ’ . - '~ Figure 41.—Thermal history of 1 gram of ice.

role in Marine Science because it is tied directly
to temperature changes. For instance, the spe-
cific heat of the earth in general is 0.25. This
means it takes only 0,25 calorie to raise the
temperature of 1 gram of earth 1°C, Stated
another way, the earth heats and cools four times
as fast as water.

FProm this you can see that ocean weather
is milder_and less extreme in temperature than
continental weather because it takes four times
as long (or four times as much heat/cooling)
{or water to both heat and cool.

The specific heat of various land surfaces is
. also different, though the difference between one
land surface and another is not as great as be-
tween land and water, Dry sand or bare rock has
the-lowest specifi¢ heat, Forest areas have the
highest specific heat., This difference in specific
hea’t is another cause for differences in temper-
ature for areas of different types of surfaces
which are only-a few miles apart,

, The specific heat of ice is 0,421 and that of
steam is 0,502, These specificheats are reflected
in the thermal history of 1 gram of ice as shown
in figure 41, They also point out the tremendous
amount of energy involved in the fusion, sublimat-
ien, and vaporization processes in the atmosphere,
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Energy cannot be created or destroyed; how-
ever, it can be.transformed from one type of
energy into another. Even the amount that seems
to be lost can be accounted for in the form of

light, sound, heat, and the like.

PRESSURE VERSUS DENSITY

Although very light, air has weight and is
affected by gravity. By its weight, air exerts
pressure on everything it touches. Since air
is a gas, its weight becomes a fluid pressure,
exerted in all directions (Pascal’s law).

Principal pressure variation comes about
with change in altitude. Pressure at any point
in a colymn of water, mercury, or any fluid,’
depends upon the weight of the column above that
point. In the same manner, air pressure at a
given altitude is determinéd by the weight of the
air pressing down from above. Air pressure at
sea level averages 1,013 millibars (14.7 pounds
per square inch).

The weight and compression of the atmos~
phere cause the molecules of the air to be closer
together and mbre numerous at the bottom of the _
atmosphere, or where it rests upon the earth's
surface. This means that the air at the bottom
of the atmosphere is denser than it is at higher

169




. METHODS-OF HEAT TRANSFER

altitudes.

At the bottom of the atmosphere, where the
density of the air is greatest, the greatest
amount of atmospheric pressure is exerted. By
definition, atmospheric pressure f{s a force per
unit area. Force is equal to mass multiplied
by acceleration, There is a change of pressure
whenever either the mass of the atmosphere or
the accelerations of the molecules within the
atmosphere are changed.. j

Although aititude exerts the: dominant con-
trol, temperature and moisture alter pressure
at any given altitude, especially near the earth’s
. surface where heat and humidity are most abund-
ant. The pressure variatidns produeed by heat and

. humidity (with heat operatingas the senior partner)-

cause the turbulence and wind that help to make
our weather.

. t

-

The, atmosphere is constantly gaining and
Iosing heat, and heat is being transported from
one part of the world to the other by wind move-.
ments. It is due to the inequalities in gain and
loss cf heat that the ajr i{s almost constantly in

-

S

of secondary importance in the heating of the
atmosphere, it is a means by which air close to
. the surface of the earth heats during the day and
cools during the night. Even if air {s a poor
conductor (as shown by the use of dead airspace
in Thermopane glass and the airspages used as

‘insulation in buildings), the heating and cooling

motion. The motfons and heat transformations -
. are directly expressed by wind and weather. In

Marine Science, one is concerned with three meth-
ods_of heat transfer. They are conductidn, con-
vection, and radiation. Heat is transferred from
the earth directly to the atmosphere by radiation
and conduction, and within the atmosphere by
radiation, conduction, and convection. A form
of convection, or advection, is used in a special
manner in Marine Science; it is discussed as a
separate method of heat transfer,

- . . . -

RADIATION « .-

Radiation refers to the process by which
electromagnetic energy is propagated through
space. Radiation occurs at the Speed of light,

P

of air at the immediate surface of the earth are
accomplished by conduction.

‘CONVECTION e

Convection is the transfer of heat from one
place to another by bodily transfer of the matter
containing it. In Marine Science, the term ‘‘con-
vection’’ is normally applied to vertical transport.

Vertical transfer of heat is accomplished .

by the motion of warm air to higher ftvels and
the descent of cold air to lower levels where, by
radiation and conduction, it can absorb heat from
the earth, Convection currents are turbulent
and cause bumpiness in the air. On a cal

sunny day, air rises over highways and settjes
over nearby rivers; this is mainly due to con-
vection. L

ADVECTION

-

by motion of the air from one latitude and lon-
gitude to another, It is of major importance in
the exchange of air between polar and equatorial
regions, Much more_ heat {$ transported from

—plice to place by the process of advection than

-that is, about 186,300 miles per second. Ra- -

‘diation travels in- straight lines and does not
need a material medium through which to pass.
1t is the most. important single means of heat
transfer for the earth as a whole. All of the heat

the earth receives is by radiation.
» t

.- ’
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fConduction {s the transfer ‘of heat from
warmer fo colder rhatter by contact. Although

- ~
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by any of the other methods of heattransfer. This
can be_easily understood when you think of the fact
that the air is almost always {n motion at all
levels of the _atmosphere. - -
Transfer of heat by advection is accom-
plished " not "only by the transport of warm air,
but also by the transport of warm vapor which
releages heat when condensation occurs.

£
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— ENERGY CONSIDERATIONS~
STABILITY AND INSTABILITY

~ "
ATMOSPHERIC ENERGY CONSIDERATIONS
ENE‘RGY has previously been defined as the

capacity to perform work, There are two basic
kinds of energy. They are KINETIC and POTEN-~

Horizontal transfer of heatis accomplished .




TIAL. Kinetic energy is ability to perform work

due to motion. Potential energy is ability to

perform work due to position or condition. The

term “kinetic” i8 used for energy due to present

motion, whereas the term “potential’’ applies
to energy stored for latexgaction. )

‘The kinefic theory of gases is very helpful
{n understanding the behavior of gases. Gases,
like other substances, consist of molecules,
Unlike solids, molecules of gas have no in-
herent tendency to stay in one place., Instead,
ga8 molecules, since they are smaller than
the space between them, move about at random
(but in straight lines until they collide with
each other or with other obstructions). Their
movement has an average speed at a given
temperature, When gas 18 encloséd, its pressure
depends on the number of times the molecules
strike the surrounding walls in a unit of time.
The number of times the molecules strike per
unit of time against the walls remains constant
a3 long as the temperature and the volume
remain constant, If the volume (the space oc-
cupled by the gas) s decreased, the dénsity
of the -gas is increased, and the number of .
blowa against the walls is increased, thereby
increasing the pressure, When the temperature
is increased, there is a corresponding increase
in the speed of the molecules; they strike the
walls at a faster rate, increasing the pressure,
provided that the volume remains constant.

According to the kinetic theory of gases, the
temperature of a gas is dependent upon the rate
at which the molecules are moving about and is
proportional to the kinetic energy of the moving
molecules, The Kinetic energy of the moving mole-
cules of a gasisthe internal energy of the gas, and
it follows that an increase in temperature is ac-
corapanied by an increase in the internal energy
of the gas, Likewise, an increase imthe internal
energy results in an increase in the temperature
of the gas, S Pl

- — e DN

. An increase in the temperature of a'ga
or in its internal energy can be produced by
the addition of heat or by performing work on the
gas. A combination of these can likewis produce”
an {ncreaseé in temperature or internil energy.
This is in accordance with the first law of ther~
modynamics.

In the application of the first law of ther-
modynamigs to a gas, it may be said that the X

>
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two maln forms of energy are internal energy

d work.energy. Internal energy is manifested
as sefsible heat or -temperature; work energy
is manifested as pressure changes in the ggs.
In other words, work is required to increase
the pressure of a gas and work is done by the
gas when the pressure diminishes. It follows,
then that if internal (heat) energy is added to

. 2 simple gas, this energy must show up as

an increase in either temperature or pressure,
or both. Also, if work is performed on the gas,
the work energy must show up as an increase
in either pressure or temperature, or .both.

Consider air in a cylinder, which is en-

. closed by a piston. In accordance with the first

law of thermodynamics, any increase in the
pressure exerted by the piston results in work
being done on the air. AS a consequence, either
the temperature and pressure must be increased
or the heat equivalent of this work must be
transmitted to the surrounding bodies. In the
case of a plain compressor, this work done
by a piston is changed into an increase in-the
temperature and the pressuré¢ of the air. It
also results in some increase in the temper-
ature of the surround!ng body.

\ .

If the surrounding body is considered to be
insulated so that it i{s not- heated, there is
fo heat transferred, and the air must acquire
‘this additional energy as an increase in tem-
perature and pressure, The process by which
a gas, such as air, is heated or cooled with-
.out heat being added.to the gas or taken-away
is called an adiabatic process.

In'the atmosphere, adiabatic and nonadiabatic
processes are taking place continuously. The

air near the ground is receiving heat from
0T+ giving heat to the ground. These dre non-

'aﬂiabatic processes. However, in tHe free atmos-
phere somewhat -removed from the. earth’s sur-
face,, the short-period processes are adiabatic,
When a parcel of air is lifted in the free atmos-
phere, 1 encounters areas of decreasing pres,-
sure. To~ equalize this pressure, the parcel
must expand. In expanding, it is doing work.
In- doing work, it uses heat. This results in

- a lowering of temperature, as well as a de-

crease in the -pressure and density, When a
parcel of air descends in the free atmosphere,
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it encounters areas of increasing pressure. To
equalize the pressure, the parcel must contract.
In doing this, work is done on the parcel.. This
work energy, which is being added to the parcel,
shows up as an increase in temperature. The
pressure and density increase In this case,
too. -

-

LAPSE RATES
E

The rate of coollng that a parcel of air
undergoes’ as it ‘ascends in the free atmos-
phere (or the rate of heating as it descends)
is known as the ADIABATIC LAPSE RATE.
For unsaturated air the rate of change is 1°C
per- 100 meters or 5 1/2° F per 1,000 feet.
_This is known as the DRY ADIABATIC LAPSE
RATE. For saturated air the rate of change
is différent.” When a ‘parcel of saturated air
ascends in the free atmosphere, the rate of
change is known as the SATURATION ADIA-
BATIC LAPSE RATE, (See table 19.)

The saturation adiabatic lapse rate is the
result of the condensation that takes place in
a saturated parcel of air as it ascends above
the condensation level. For each gram’ of water

“vondensed; about 600 culories of heat arpe lib--

erated. The latent heat of condensation is ab-
sorbed by the air. Consequently, the lapse rate’
becomes less than' the dry adiabatic lapse
rate. . N .

-

The mean slope of the saturation adiabst

may be taken as approximately 0.55°C per 100
meters or 3'F per 1,000 feet. The term MEAN
SLOPE .is used because the saturation adia-

" batic lapse rate increases with altitude, This

is a result of the decrease of water vapor
with altitude; consequently, there is a decrease
in the total heat of condensation which is lib-

erated.

The normal or average decrease of temper-~
ature with height is known as the normalor aver-
age lapse rate, The normal lapse rate is about
3 1/2° F per 1,000 feet up to the tropo-
pause. However, the actual lapse rate in the
atmosphere at any given time depends on
turbulence, radiation processes, conduction of
heat near the ground, or the transport of air
by horizontal advection in the upper layers.
Condensation of moisture or eyaporation also
affects the lapse rate by the addition or re-
moval of the heat of condensation. Figure 42
shows some of the varfous types of lapse rates

"“which may be found in the atmosphere.,

Table 19.—~Lapse rates of temperature,

2

5\7 —’<J}}% [
H :%;Trzrza{}
lapse rate - Per 1,000 Per 100 - :
- s feet meters
- Dry adiabatic | s1/2°F 1"
- Saturatton (moist) ‘
\ adiabatic 2-3°F .535°C
. Average 3.3°F ,85°C
Superadiabatic 851/2-16°F 1-3.42°C .
Autoconvective - More than More than
' 15°F 3.42°C
X
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Figure 42, --'Lapse rates in the atmOSphére.

Reversible Process

The REVERSIBLE PROCESS is based upon
the assumption that no condensed water falls as
precipitation, but js carried with_the ascending
parcel. The ascending parcel undergoes several
stages as follows:

1. The dry stage, where the parcel is
lifted dry adiabatically to saturation.

2. The rain stage, ‘where all water vapor
exceeding the “saturation amount is condensed
out of the parcel.

3. The hail stage, occurring at 0° C when
the parcel rises isothermally because the ex-
pansional cooling is offset by the heat of fusion
being released when the uncondensed water is
frozen.

4. The snow stage, when the excess mois-
ture is changed directly from a vapor fo a
solid (snow). -

The process is reversible since the parcel
reaches the top of the atmosphere with the
same water. content with which it started.
JUpon its descent, the same stages will occur
in reverse order and the parcel arrives at
the original level (pressure) with the same
temperatureras before.

L3
“

Irreversible Process

(rh'e IRREVERSIBLE PROCESS isbased upon

water

the assumption that all excess

b s/

-

which is condensed from the air will fall
immediately asé;_gcipitation. The stages inthis’
process are_nedrly similar to the reversible
process

The}- dry stage is ‘the same as the
reversxble \ '

2. The ramn stage is the-same as the
reversible except that moisture falls as rain.

°~3. The hail stage.is+eliminated, since there
is no liquid to change into ice. ‘

4. The_ snow stage is the same .as ‘the
reversible ‘except that excess .moisture con=-
denses and falls as snow.y

The parcel “is dry by the time it reaches
the top of the atmosphere; therefore, it must
descend dry adiabatically, and the temperature
is therefore much higher upon reaching the
original level.

The irreversible process closely approxi-
mates the actual conditions in the atmosphere;
therefore, 1t is placed upon the AROWAGRAM
in the form of saturation adiabats.

Figure 43 shows the various stages during
the ascent and descent of air in the irreversible
process.

If a parcel of air (A) follows the dry adia-
batic lapse’ rate to the 1,000-mb line, the
temperature at thatpoint (P) is the potential tem-
perature. If the parcel continues up the dry
adiabat to the saturation ‘point (S), condensa-
tion will begin and the parcel will follow the
saturation adiabat through the rain stage (S-H).
When the temperature falls below freezing, the
condensation will be in the form of snow (H-D).




may form even below the freezing point. When
all the moisture has condensed, all of the latent
heat of condensation has been added to-the air,
and 1if the parcel is then brought back to the
1,000-mb level, it will follow the dry adiabatic
lapse rate {D-E) and arrive back at this level
with a temperature of E. This hypothetical
temperature is called the equivalent potential
temperature.

CONDENSATION AND PRECIPITATION

The CLASSIC CONDENSATION THEORY is
the theory used when making thermodynamic
computations, such as.on the AROWAGRAM.
It is perfectly valid for these computations.
In this theory it is assumed ‘that water s
entirely-in vapor form until 100 percent relative
humidity is reached, and then it. changes to
liquid or ice. It assumes that liquid drops
do not exist at a temperature below freezing;
and below freezing only direct crystallization
or sublimation occurs.

When attempting to explain the actual proc-
ess of condensation and precipitation in the
ftmosphere, the CLASSIC CONDENSATION
THEORY is no longer completely valid. These
are some of the defects in the theory:

1. Clouds, and especially fog, are likely
to occur at less than 100 petcent relative
humidity. The whole process of formation of
a droplet is a continuous one that,
is most rapid at 100 percent humidity.

2. Liquid droplets supercooled to tem-
peratures several degrees below freezingare so
common in the atmosphere as to be regarded
as the rule rather than the exteptipn.

3. Liquid drops not only existat tempera-

tures below freezing, but new condensation oc-
curs at these temperatures as well as direct
sublimation.
. Before condénsation ¢an occur in the free
atmosphere, the temperature of the air must
be reduced to near the dewpoint, or the moisture
content must be increased so as to increase
_the dewpoint .to near the temperature. In labo-
ratory experiments, it has been proved that
even these conditions will not induce conden-
sation if the air is pure. It was proved that in
pure air a supersaturation of 400 percent was
possible before condensation occurred.

There are also seéveral other observations
which do not conform to these theories. Drizzle
may fall out of stratus or stratocumulus layers

o

however,
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that do not extend into the freezing tempera=-
tures. particularly at sea and in coastal dis-
tricts with onshore winds. In the Tropics, and
also i®®warm maritime air masses in tem-
perate latitudes, cumulus has been observed
to yield light. moderate, and even heavy ra:n
though the tops did not extend abovethe freezing
level. .

The explanation for the latter phenomenon
appears to be that in the Tropics, where the
freezing level is high. eumulus can develop
to such great depths without reaching 0°C and
that coalescence between cloud droplets becomas
effective enough to result in appreciable rain.
When the cloud droplets are of initially different
sizes and hence have different settling rates,
some of them will collide and coalesce. This
increases their settling rate, and consequently,
the number of collisions per unit of time. By
such a chain reaction, the droplets grow to
sufficient size to fall out as precipitatior.
A cloud of great vertical extent is needed for
this process to result in heavy precipitation.
This condition i$ satisfied in the Tropics.
The high temperatures found there give a high
liquid-water content. which also furthers the
coalescence process.

The drizzle which falls out of nonfreezing
layer clouds is a more gentle display of the
coalescence process. Drizzle appears te be
more frequent over the sea and along the sea
borders, other things being equal; this {act
favors the part played by salt nuclei. Precipita-
tion from nonfreezing clouds has not been
noted in continental air masses.

From these observations we may reach the
following conclusions. The coalescence process
may account for much of the precipitation
which falls in the Tropics; the classic theory,
on the other hand, applies to most of the
precipitation occurring in middle and high
latitudes. Whenever moderate or heavy rain
falls in the temperate or Arctic regions, it
originates mainly in clouds that, in the upper
portions at least, have reached negative Celsius

A= m m ae s o oa
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temperatures.”
A further conclusion based on many
studies of temperature of the cloud top

as a- condition for precipitation reveals that

when rain or snow--continuous or inter-
mittent— reaches the ground from strati-
form clouds, the clouds— solid or layered—

extend in most cases to heights where
temperatures are "below -12° C or even
-20° C.




* Nuclei . t
The foreign particles in the air may be
~ divided into three classes:
1. Hygroscopic nuclei.
2. Sublimation nuclei. sy
- 3. Neutral or nonhygroscopic particles.
When air is cooled- so that it approaches
the dewpoint, the hygroscopic’ nuclei begin to
absorb water from the air. The larger nuclei

will then cause condensation to occur even’

before the saturation point is reached. However,
as the drops grow :in size they become so
dilited that they become less and less active
as hygroscopic material. The condensation proc-
ess can then proceed only when the air is
cooled slightly below its dewpoint so that a
slight amount of supersaturation is present.
It can be seen that condensation on hygro-
scopic nuclei is a continuous process, be-
ginning at Iow relative humidities.
The most common hygroscopic nuclei are
- sea salts, sulfuric acids, and nitric acids.
,Hygroscopic nuclei vary in number, with the
maximum over. cities, decreasing 'in number
overruralareas, and at a minimum over the
oceans. Annual variations in amounts of hygro-
scopic nuclei are causedby the increased amount
of combustion taking place during the winter
months. Diurnal variation is ‘caused by the
lack of . sunlight at. night to oxidize sulfur
and nitric dioxides. Since the source region for
hygroscopic nuclei is at the surface of the
egrth, they decrease in number with altitude.
Sublimation nuclei are much smaller and
ewer in number than hygroscopic nuclei. They
are shaped like an ice crystal. Ice forms on
these nuclei below water saturation, but at
or above ice saturation., Sublimation nuclei
are not very active between 0° C and -10° C;
in fact, when considering the entire atmosphere
at all temperatures down to about -40° C,
there are moreliquiddropletsthan ice particles.
Neutral or nonhygroscopic particles are
particles such as ordinafy dust. These particles
may .act as condensation nuclei, but seldom do.
The atmosphere has been described as”an
AEROSOL, which is a colloidal system in
which the dispersed water vapor is composed
of either solid or liquid particles; and in which
. the dispersing medium is the air. A cloud has
been described as colloidally unstable by virtue
of its position in a turbulent atmosphere.
" There have been many theories presented
-~ on the processes leading to colloidal ingtability
- . #

‘

within a cloud which would cause the growth
of raindrops. A few of the more feasible ones
are as follows:
1. Electrical attraction.
2. Hydrodynamical attraction.
3. Vapor pressure gradient from smaller
to larger drops. ‘
4. Introdution of extremely hygroscopic
nuclei. ‘ ’
' 5. Colligion due to turbulence.
. Vapor pressure gradient from warmer
to colder drops.
1. Vapor pressure gradient from liquid
to ice (Bergeron-Findeisen Theory).
* 8., Nonuniform drops in the gravitational
field.
"The last two theéories are considered to be
the most important in the formation of raindrops.

. -

. The liquid-to-ice theory is the most important

during the initial formation of the droplet, but
once they have grown to such size that they
begin to fall, the gravitational field theory
becomes the most important.

" Cloud and Weather
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Modification Methods

Activity in cloud and weather modification
has been on a sound and realistic basis only
since 1958. Thisopinion was recently expressed
by scientists from the National Center for

Atmospheric. Research in Boulder, Colorado, )

in an article on the research the center is
undertaking to effectively modify weather.
Cloud modification methods have been mainly
in the use of dry ice, silver iodide, and water to
increase the cloud amourit and topossibly trigger
precipifation.
The object of seeding with:dry ice is to

cause the coexistence of ice and water. Seeding .

with dry ice may be used to dissipatg clouds,
to precipitate~¢louds, sor to make “existing

»

clouds more fersistent. >
The use of\silyer iodide has been found to be
the most effedtive source of ice crystal nuclei
found to <datp fand is most effective at
temperaturesNdetow ~10°C.
The

principle of nonuniform drops in the gravita-
tional field. It may be used on actively convect
tive portions of large cumulus clouds.
According to §chaefer, the most favorable
atmospheric condidions for precipitating clouds
by seeding are large cumulus clouds without
precipitation

of water. at't}zlpts to employ the

*
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already occurring, abundant
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moisture, a large lapse rate, a 40w concen=
tration of 1ce nuclei, -the absence of wind
shear. and either no inversions or few inver-
sions, or weak ones.

In practical applicaton of this weather
modification program, the prevention of thunder-
storm formation. hail, windstorms, and torren-

- tial rain may be accomplished by erther dissi-
pating  or overseeding, or increasing
precipitation by seeding the:louds with the prop-
er amounts. No evidence appears to exist that
clouds can be milked of their moisture in flat
regions, but indications are that seeding, espe-
cially with silver iodide smoke, can increase
precipitation as much as 10 to 15 percent,

Another application of this process is the
so-called CLOUDBUSTERS of the Air Force.
They have found that holes or windows can be
punched in certain clouds which hinder aireraft
landings and takeoffs, parachute drops, and
rescue and reconnaissance missions. Windows
more than 3 miles wide have been created by
overseeding such clouds with dry ice pellets.

The dissipation of certain types of fogs can
be accomplished by seeding. This is more effec-
tive for cold fogs and has little effect on warm
or ice crystal fogs.

STABILITY AND INSTABILITY

Most weather phenomena depend upon
whether the air masses are stable or unstable.
As stated before, moisture content plays an
important part in weather. A parcel of air may
be stable when’ dry and then may become unstable
if 1t is lifted to saturation. An understanding of
stabllity and {nstability‘ls, therefore, essential to
a forecaster.

Y
STABILITY 'is the “state of equilibrium in
which a parcel of air has a tendency to resist
.displacement from the level at which it is in _
equilibrium with its” environment or, if dis-
* ‘placed, to return to its original position. IN-
STABILITY is the state of equilibrium in which
a parcel of air when displaced has a tendency
to move farther away from its original position.
: . .
The stability and instability. of air depend
a great deal.on the moistyge content of the air.
Therefore, a discussion of equilibrium of air
should be separate with respect tb dry air and
saturated air,

e

. Equilibrium of Dry Air

The methdd used for determining the equili-
brium of air will be the parcel method, wherein
a parcel of air 1s lifted and then compared to the
surrounding air to determine its equilibrium.
The dry adiabatic lapse rate is alwaysusedas a
reference to detexmine the stability orinstability
of dry air. \

ABSOLUTE INSTABILITY. Consrder a
column of air in which the lapse rate is greater
than the dry adiabatic lapse rate (the lapse rate
is to the left of the dry adiabatic lapse rate on
the AROWAGRAM). (See fig, 44.) If the parcel
of air at point A were displaced upward to point
B, it would cool at the dry adiabatic lapse rate.
Upon arriving at point B, it would be warmer
than—"the surrounding air, The parcel would
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Flgure 44, =Absolute .instability
(any degree of satufanon)
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therefore "have a tendency to continue to rise,
seeking air of 'its,own density. Consequently
, the column would be unstable, From this, fhe
“rule fis established that if the lapse rate of a
column of air. is greater than the dry adiabatic
lapse rate, the columnisinastate of ABSOLUTE
INSTABILITY. The term '"absolute'" 1s used
becduse this applies whether the air 18 dry or
saturated, as is evidenced by displacing upward
a saturated parcel of air from point A along a
saturation adiabat to point B'. The parcel 1s
more unstable ‘than if displaced along a

.~ adjabat,

STABILITY.~Consider a column of dry air
in which the lapse ,rate is less than the dry
adiabatic lapse rate (the lapse rate is to the
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right of the dry adiabatic lapse4 rate on the
AROWAGRAM). (See fig, 45.) If the parcel at
point A were displaced upward to point B, it

would cool at the.dry adiabatic lapse rate, and -

! upon arriving at point B 1t would bp colder than
the surrounding air, It would therefore have a

....-tendency to return to u4s original level, Conse-

quently, the column of air would be stable,

-

POINT B COLOER THAN
THE SURRQUNDING AIR

t
~ ! ’
~
~
~
ORY ADIABATIC
LAPSE RATE
N A
~ ACTUAL \|
N LAPSE RATE

M N

-10° N .o 10°
Flgure 45.-Stability '(dry air).

Wy
- From this, the rule is established that if\ the
lapse rate of a column of DRY AIR is less than
the dry adiabatic lapse rate, -the column 1s
stable, -

NEUTRAL STABILITY, —Consider a column
of DRY AIR in which the lapse rate 18 edual to
the dry adiabatic lapse rate, The parcel would
cool at the dry adiabatic lapse rate if displaced
upward, It would at all times be at the same
temperature and density as the surrounding air
and would have a tendency neither o return to
nor to move farther away from its original
position. The column of dry alr, therefore,
would be in a state of NEUTI;'{AL STABILITY.

Equilibrium of Saturated Air

" When saturated air is ]ﬁf‘tgd, it cools at a
rate different from that of dry air, Fhis 1s due
to release of the latent heat of condensation,
which is absorbed by the air. The rate of cooling
of saturated air is known as the saturation adia-
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batic lapse rate. This rate is_szed as a reference
for determining the eguilibrium of saturated air.

ABSOLUTE STABILITY.—Consideracolunin
of air in which the lapse rate is less than the
saturation adiabatic lapse rate (the lapse rateis
to the right of the saturationadiabatic lapse rate
on the AROWAGRAM). (See fig, 46.) If the
parcel of saturated air at point Awere displaced
upward to point B, it would cool at the saturation
adiabatic lapse rate, and upon arriving at point
B it would be colder than the surrounding air,

. POINTS 8 (ORY ADIADATIC) ANQD :MDIST ADIARATICY |,
WARMER THAK SURROUNDING RR

s

*10° o° 1A

Figure 46.—Absolute stabilaty (any degree
of saturation).
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The layer, therefore, would be i{n a state of
ABSOLUTE STABILITY, From this, the follow-
. 1ng rule is established: If the lapse rate for a
column of air 1s less than the saturation adia-
bati¢ lapse rate, the columns absolutely stable,
Dry air cools dry adiabatically and also wouldbe
colder than the surrounding air. Therefore,
. this rule applhies to all air, as 1s evidenced
when an unsaturated parcel of air 1s displaced
upward .dry adiabatically to point B', where
the parcel is more stable than the parcel
.'displaced along a saturation adiabat,

-

INSTABILITY.~Consider now a column of air
~in_which the lapse rate is greater than the
safuration adiabatic lapse rate.ySee fig,” 47.)
I a parcel of saturated air at point A were
displaced upward toy,pownt B, it would cool at
the saturation adiabatic lapse rate, Upogsarriv-
ing at point B, the parcel would be warfner than

L




“1fs original position. The parcel,

the surrounding air. For this reason, it would

have a teudency to continue moving farther from
therefore,
would be i a state of INSTABILITY. The fol-
lowing rule s appltcable If alapse rate for a
columu of SATURATED AIR 1s greater than the
saturatiot. achabatic lapse rate, the column 1s
unstable.
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lapse rate for a column of natural air lies
between the dry adiabatic 'lapse rate and the
saturation adiabatic lapse ra}e, the air may be
stable or unstable, depending 'upon the distribu-
tion of moisture., When the lapse rate of a
column of air Lies between the satyration-‘adia-
batic lapse rate and the dry adiabatic lapse rate,

the equilibrium is termed CONDITIONAL IN'
STABILITY, because the stability is conditioned’
by the moisture distribution, The equilibrium of

“this column of air is determined by the use of
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Figure 47.~lastability (saturated ar),

NEUQRAL STABILITY.~Consider a column
of satuxated air 1 which the lapse fate 1s
equal to the saturation adiabatic lapse rate.
A parcel o air displaced upward would cool
at the saturation adiabatic lapse rate and
%ould at all umes be equal in temperature
to the surrdunding air, On that account, 1t
would tend negther to move farther away from
nor to return “to {ts original level. It, therefore,
would be 1n a state of NEUTRAL STABILITY.
The rule for this situation 1s that if the laps
rate for a column of saturatedairisequal to the
saturation adiabauc lapse rate, the cglumn is
neutrally/stavle,

Conditional Instability

In the wreatment of stability and instability
so far, only air that was either dry or saturated
was considered. Under normal atmospherxc
conditions, natural air {s unsaturated to begin
with but becomes Saturated if lifted far enough,
This presents no problem 1if the lapse rate for
the column of air 1s greater than the dry adia~
batic lapse rate (absolutely unstable) or if she
lapse rate .1s less than the saturation adiah@gtic
lapse rate (absolutely stable). However, if the
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'positive and negative energy areas. The deter-

minatipn of an area as positive or negative de-.
pends jupon whéther the environment is colder
or wdrmer than the ascending parcel, Positive
as are conducive toinstability; negative areas
are conducive to stability. _

*

TYPES OF CONDITIONAL INSTABILITY.— . -
Conditional instability may be one of three types.
The REAL LATENT type 1s a condition in which
the positive area 1s larger than the negative .
area (potentially unstablef. The PSEUDO- 2
LATENT type is a condition in which the positive .
area 1S smaller than the negative area (potent-
lally stable). The STABLE type {s a condition in
which there is no positive area.

ENERGY AREAS FOR MECHANICAL LIFT-
ING.~A negative area is the area (on an
AROWAGRAM) bound by the temperature
curve; the dry adiabat from the surface pcint
to the lifting condensation level (LCL); and the
moist adiabat from. the LCL to its intersection
with the temperature curve (this point on the
temperature curve is termed the level of free

_ convection (LFC)). In figure 48, the negative

area is shaded with slanting lLines.

-

A positive area 1s the* area.(on an
AROW AGRAM) to the right of the temperature
curve, bounded by the temperature curve and the
saturatton adiabat extended upward from the
L¥C. In figure 48, it 18 shaded with a dotted
pattern, “e s

S
Y

ENERGY AREAS FOR CONVECTIVE LIFT~
ING.~If ludting by convection is expected, the
negative area is determined by locating the
intersection of the temperature curve, the
average mixing ratio, and a dry adiabat, The
average mixing ratio is chosen because more
than just surface parcelsareinvolvedin convec-

Y /
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Figure 48. —LCL, 'LFC, and negative and
positive areas—mechamcal lifting.
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N t1ve 4ct1v1ty The standardpr.acucels toaverage
the mixing gatio for a 100~-mb stratum above the
surface, or to average the mixing ratio for the
moist surface layer when it is less than 100
millibars in vertical extent. In addition, each"”

+ locality should add a small factor, determined
locally, to allow-for an incredSe in mmsture,
this is -especially true on coas ] :
large riverd and lakes, This proged
use of a realistic moisture conteht for the lowr

convective condensation level (CC¥
#downward from this intersection and\boundg
the temperature curve and the dry adiba
negative area, It represents the enerp
must be Supplied " in order that a

.

it will continue to rise without a ép;ﬂy of
energy from an outside source, The inter-
sé

r fre, ‘con-
" Notice that in this situftionAf
ivg ‘area is to th& bight of

negagive area is to the left of

. curve, bounded by the temperpture curve an
o 4 the saturation adiab textende from the-ir

,Cprve. (Sek fig, 49) .
! The pos'mve ar, ain ,a situ 'ofn of convecti\ée
is the -area t rlghto the tempegature

section of the mixing ratio and the ‘temperature
curve;-that is, the CCL, (See fig. 493

" .. v
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Figure 49.—CCL, and negative and positive’
areas—convective lifting,

Autoconvection = ' ( o )
AUTOCONVEGCTION is a condition which is
started spontaneously by a layer of air when the
1 se rate of temperature is such that density
eases with elevation, For density to increase
with alhtude, the lapse rate must be equal to or
"exceed 3.42° C per, 100 meters. (This is the
,AUTOCONVECTIVE LAPSE RATE.) Anexample

is\known as_thy of  this condition is found to exist near the

1+'surface of the earth in a road mirage or a
dust devil. These occur over surfaces which
are easily heated, such as the. de3ett, open-
nelds, etc., and are usually found durmg periods
of intense surface heatmg.

Convection Stability
and Instability

So far {n the discussion of convectlon stab- *
lity and {nstability, we have considered PARCELS
of air, Let us now examine LAYERS of air,
A layer of air which is originmally stabple may
become quite' unstable due to moisture distri-
buthn if the entire layer is lifted.

Convective stability is the (({;nditlon that
occurs when the equilibrium of a‘ayer of air,
because of the temperature and humidity d’istrl-
bution, is such that wher the" ‘entlre layer is
ifted, its stabilify is. incngased




Convective instability is the condition of
equilibrium of a layer of air occurring when
‘the temperature andhumidity distribution is such
that when the entire layer of air is lifted,
its ingtability is increas

CONVECTIVE STAB?’I . — Consider a
layer of air whose humillity distribution is dry

. at the bottom and mois#at the top. If the layer
of air is lifted, the top and the bottom will cool
at the same rate until thetop reaches sdturation.
Thereafter. the top will cool ‘less rapidly
than the bottom. e top will cool saturation
adiabatically; the pdttom will still continue to
cool dry adiabatichlly. The lapse rate for the
layer then will' decrease. The stability will
increase.

The layer must be unstable at the beginning
and may become stable when' lifting takes
place.

In alayer that is convectively stable, the equi-
valent potential temperature increases with
elevation.

CONVECTIVE INSTABILITY.—-Consider a
layer of air ‘in which the air at the bottom is
moist and the air at the top of the layer is dry.
If this layer of air is lifted, the bottom and
the top will cool dry adiabatically until the lower
portion is saturated. The lower part will then
cool saturation adiabatically while the top of
the layer is still cooling dry adiabatically.
The lapse rate then begins, to increase, caustng
the instability to increase,

Im a layer of convectiviely unstable air, the
equivalent - potential temp ature DECREASES
with elevation.

In order to determlne the cbnvective stability
or instability of a layer of air, you should first
know why you expect the liftj of a whole
layer. _The obvious answer is orographic
barrier or a frontal surface. Next, determine
how -much lifting is to xpected and at
what level does it commence, for you need

not necessarfly have to lift a layer of air close °

to the surfate of the earth. The amount of
lifting will, of course, depend on the situation
at hand. In determining the convectiye stability
or instability of a layer of air ata particular
locality, proceed ds.follows;

1. “Lift the driest end of the lapse rate
dry adfabatically saturated and then moist
Aadiabattcally for & predetermined numbet of

1 millibars.
’ 2. Llft the mmst end of the lapse rate dry

»@diabztically until saturated, thence moist adia- -

. batidally for an equal number of millibars.
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3.” Connect the upper to the lower point
thus formed with a straight line, representing .
the new lapse rate.

Refer to flgures 50 and 51-for a presen-
tation of convective stability and instability.’

Stability Determination from
Existing Lapse Rate

We can very simply test the stability con-
ditions of the plotted sounding by observing the
observed temperatures and lapserates inrefer-
ence to superimposed lines representing the dry
and moist adiabatic lapse rates on the AROWA-
GRAM.

For instance, if we observe that the lapse
rate on the actual sounding is to the right of
the moist adiabatic rate, the air is absolutely
stable. If it lies)between the moist and dry
adiabatic lapse rates, its stability is dependent
on the moisture present, and it is called con-
ditionally stable. If the lapde rate is greater
than” the .dry adiabatic lapse rat®, we have
absolute instability in the air and can expect

. vertical currents to cause turbulence 1mn that

area.

.

Figure 52 {llustrates the varying degrees

of dir stability which are directly related to the
rate at which the temperature ~changes with
height. : -
Determining Bases of -

Convective Type Clouds

We have seen from our foregoing discussion
in an earlier section of this chapter that mois-
ture is important in determining certain sta-
bility conditions in the atmosphere. We know,
too, that the difference between the temperdture
and the dewpoint is an indication of the relative
humidity, and that when the dewpoint and the
temperature are the same, the air is saturated
and some form of condensatlon cloud may be
expected.  This lends itself to a mS&ns of

.estimating the height of the base of clouds

formed by surface heating; that is, cumghform
type clomds, when the surface temperature
fitrare known. We know that the dewpojnt
cri¢aséyin temperature at the rate ‘of 1°
per /1,00 feet during % lifting process.
aecendin parcel in the convective current

the tempeTature approach each other at therate

. of 4 1/2 F _per 1,000 feet. As an exampl%
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- S Figure 50,~Convective stability* (layer mathod)
conslder the surface temperature to be 80° F -cloud formed.. For example, if the air is very
and the surface dewpoint 62° F, a difference of . stable and 1t .is being forced to ascend the side
18° F. This difference, divided by the approxi- of a mountain.(fig. 54), the cloud formed will
mate rate that the temperature approaches the be layerlike with lLittle vertical developmant and
. dewpoint (4 1’2° F per 1,000 ft) indicates the with,little or'no urbulence. If, however, the air
“approximate height of the base of the clouds Qgs unstable :n the situation. the clouds formed
caused by this lifting process (18 <+ 4:1,2 = would have vertical development and turbulence
4.000 feet). Thig is graphically shown in figure “ %Would be’ expected with them. The pase of this
5C. The Marine Science Technician should: re- type cloud would be determined by mechanical

member that thfs method cannot be applied to all lifting and by the LCL. -

cloud types, but is limited, to clouds formed by “ A .
‘convect‘loncurrents.suchas«summerttmecum us . - OP’I‘ICAL PHENOMENA

*clouds, and only in the"locality where L

clouds form. It-is not valid around maritime .. Many of our greatest =S and the
or mountainous areas. . greater part of what we Nt our sur-

) roundings- are gained throug ¢ ‘beauties of-

f;a&i})l:(’; ’ill‘lyg:lj‘on " : . ‘color. Color is light. Light sent out by. such
; bodjes as the sun or the moon or from artificial

1% ]
When a cloud is formed, the (stability of sources such as lamps and evén the ljght re-
the atmosphere helpseto determine the type of ercted by the objects which it strikes, affett the

. 106 . ..
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eve and produce the sensation of vision. Too,
much of the world’'s work and much of our re-
creation are made possible by the use of light.

Light. t20. when acting in conjunction with

duces such atmospheric phenomena as halos.
ceronas. mirages. and rainbows

In this section we will discuss some of
the theories of light, even though aclentists
do not yet have a complete explanation of the
mature ‘of light, Its propertles, what hdppens
to "he'se light rays after they leave their source.
and some nf the ajmospheric phenomena pro-
ducsg by Lighe <o

LIGHT : ' A
Light .5 xnown to be a form nf energy It is
closely related to and travels at the same
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some of the elements of the atmosphere pro-.

P~

: : Vo d
speed, 186,000 miles per second, as radiant
heat. radio. and X-rays. One of the main dif-
ferences between light rays and sound waves 1s
that light waves can travel through a vacuum,
but sound waves cannot. Sound waves require
matter for,their transmissicn. Another im-"
portant difference is the speed with which light
vaves travel i{n relation to sound waves. For all
practical purppses, the light waves travel so
rapidly over_the distances with which we are cop-
cerned that we think of the wayes a8 being irstan~
tanequs, whereas the speed of sound is very
slow by comparison and is affected by altitude as
well a8 by the temperature of the medium through
which {t {8 traveling. ' ’ .

There,are’ considered to be two sources of
light—the natural light, nearly all of which'we
*ecéive from the-sun, and artificial light, such
as light from electric lamps, thedight of a fire,

.
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Plgure 51.-C‘onvéctive instability (layer method).
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Pigure 52,-~Degrees of stability in rela--
tion to temperature changes with height.

or the light from fluorescent tubes produced by
the action of ultraviolet light on chemicals ?&
closed in the tube.

Lumtnous bodies aré thosebodies which pro-
duce their own'light. We think of the sun and the
stars as luminous bodies. Hluminated or noh-
lnminouB bodies are those bodies which merely

,reflect the light they receive and are therefore

visible becausérof this reflection.

Frequencies .

The waves which produce the sensatior? of

light are all very short, which means.that the
frequency -of light waves-is very high. WAVE-

LENGTH means the distance from the crest of

one wave to the crest of the following wave,

In order to measure these wavelengths con-
veniently, a special unit of measure was de-
, Wsed and has been named for the scientist who-

" devised it. This unit is called an ANGSTROM -

UNIT, or mote usually, an ANGSTROM. In more
recent work, these waves are measured in

.millimicrons which are millionths of’ milli-

meters.
A brief study of flgure 65 indicates that
- light with a Tonger wavelength (such as 700 mil-

_ limicrons) will be red, and.that light with a

shorter* wavelength (500 millimicrons for ex-
ample) will be blue-green. From this it could
£ R -

S 08

N

be reasoned that the color of light depends

" strictly on its wavelength. Actually, the color

of light is dependent upon its frequency, just as
soung depends iupon its pitch, or frequency.

en the wavelength of 700 millimicrons
(fig.  56) is measured in a vacuum, it pro=
duces the color known as red, but in another
medium this wavelength will be other than 700
millimicrons. For example, when red light that
has been traveling in air enters glass, which is
a medium of different density, it loses speed,
and its wavelength becomes shorter, or com-
pressed. The fact fhat it continues to be red is

becauselthe frequency remains the same, thus’

demonstrating the principle that color depends
upon frequency of transmission. It must be kept
in mind that the scale in figure 56 refers to
wavelengths in air.

Various colors depend on the frequency of
transmission of the various component wave-

lengths of the visible spectrum which are present,

in equal amounts in white Light. -
Theory

The exact nature of light is not fully under-
stood, although men who study theoretical phys-
ics have been tryingto discover its exact.nature

- for many centuries. Some experiiments seem to

show that light is composed of tiny particles,
and some indicate that it is made up of waves.

First one theory and thenthe other attra%

Today there are scientific phenomena whicl can
be explained only by the wave theory and an-
other large group of occurrences which can

the approval and acceptance of the phys:;/zs
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Figure 53.-Determination of a cloud's
bage when the dewpoint and temperature
are known ’
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Flgure 54.-Illustratxon showing that very stabl¥ air retains 1ts stabllity even when it
forced upward, forming a flat cloud. Air which is potentially unstable when forced \
upward becomes turbulent and forms a towering cloud

be made clear by the particle or corpuscular
theory., Physicists, tongtantly searching for
spme “new djscovery which would bring these
contradictory theories into agreement, gradu-
ally have cometoaccept atheory concerninglight
which is a combination of these two views.
According tothe view now generally accepted,
light is a form of electromagnetic radiation;

that is. light and similar f of radiation are
made ,up of moving ele magnetic forces.
‘A simple example of motion gimilar to these

radiation waves can be made by dropping a pebble
intob a pool of wdter. The waves;spread out in ex~

panding circles until they reach the edge of the

pool in muchthe same manner as the rays of lxght
spread from the sun. However, the waves in the
pool are very slow and clumsy in comparison
with light coming from the sun which travels ap-
proximately 186, 000 ‘miles per second.

Light radiates from its source in all direc-
tions until absorbed or diverted by coming incon-
‘tact.with some substance. Lines drawn from the
light source to any point on one ¢f thege waves
.indicate the direction in which the wave fronts
are-moving. These lines are radiiof the spheres
A% formed by the wave fronts. I diagrgms of opti

cal and projection equipment and m&bt’her illu
trations of image formation, these lind® s
direction of movement and are calledlight.rays.
Although single rays of light do not exist, light
‘‘rays,”” as used {n illustrations, provide a con-

venient methdd of giving the direction in which

light is traveling at any point.
A large volume of light is called a beam, a
narrow beam is called a pencil, andthe smallest

‘59, ) . Those

thep, can be illustrated as a straight line. This
straight. line drawn from a light source may
represent an infinite number of rays radiating
in ai] directions from the source. (Seefig. ~ §7.)

Wave fronts near thelight source are sharply
curyed, while those at adistance are almost flat.
Light rays from a distant source or object are
considered to be para.llel, as. lllustrated in
figure 58. .

%ortlon of a pencil is a light ray. A ray of light,

Characteristics

When light waves, which travel in, straight
lines, encounter any substance, they are either
transmitted, reflected, or absorbed (See fig.
substances which permlt the
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Flgure 56, -Wavelengths and refraction. .

penetration of clear vision through them, and
whieh transmit almost all the light falling upon
themare sajidtobetransparent. There isno sub-
"stance known which is perfectly transparent, but
tnany substances are nearly so. Those substances
which allow the passage of part of the light but
appear clouded and igpair vision substantially,
are called trahslucent. Those substances which
do not transmit any light are called opaque.

.

Pigure 57. ~Waves and radii from a near=
by light source.

C1100 = .
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All objects which are not light sources are
visible only because they reflectall or somepart

of the light reaching them from some luminous ,

source. If light 1s neither transmitted nor re-
flected. it 1s absorbed or taken up by the medium.
When light strikes a substance.some absorption
and reflection always take place. No substance
completely transmits, reflects. or absorbs all
the lIight which reaches its surface, Figure 59

. shows how glass transmits. absorbs. and reflects
WJdight.

Candlepower and Foot-Candles

Illumination 1s the light received from.a light
source. Thé intensity of illumination is measured
in foot-candles. A Toot-candle ts the amoun: of
light falling upon a surface 1 square footin area,
1 foot away from the light source of.l candle-
power. ™

- &

Law of Inverse Squares %

~

The law of invérse squares states that the
amount of light a body receives is-invéersely
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bx;oportional to the square of the distance from
the source of light. Therefore,

: ' _ candlepower-
foot-candles = nce squared’
foot-candles = Eg—

- d

REFLECTION

.

The term ‘reflected light™ simply refers to
those .light waves that are neither transmitted
nor absorbed. but are thrown pack fromthe sur-
face of the medium they encounter. If a ray of

-« light 1s directed agdinst a mirror, the l§ght ray
-that strikes the sunface is cgiled the incident
ray and the nne that f is the reflected
ray. The imaginary li rpendicular to the
Amirror at the poin! where the ray strikes is the
NORMAL. The anglebetween the incident ray and
the normal 1s the angle of tncidence. The angle
between the reflected ray and the normal is the
angle of reflection, These terms are illustrated

in figure 60.

If the surface of the medium contacted by the

incident light ray is smooth andpolished, such as
. a murror. the feflected light will be thrown back
at the same angle to the surface as the incident
* light The path of the light ected from the
surface forms an angle exaqtly equal to the one
formed by its path ir reachjng the medium. This
conforms to the law of reflection which states:
The angle of* incidence 1
reflection. .

A common application of this law in projec-
tion equipment ic seen when it is necessary 1o
direct light in a new direction. By usinga ray of

-~ light with a nilrror at a 45° angle and by applying
the law of reflection. we can see how this'is
accomplished. The apparatus would be similarto
that shown In figure 61. The light ray striking
the 45° mirror will reflect a beam at the same
angle as the incident ray. resulting tn a change of
direction of 90§

‘ A mlrrorbi?s an excellent reflecting surface
because it ig-flat and unbroken The combina-
tions of many incident beams will keep the same

tion This means that all parallel rays will strike

at the same angle of incidence and will be re-

flected at the same angle of reflection. They will

remain parallel after reflection. This is called
i regular (or specular) reﬂectlon. (See ﬁg, 62
= 1A

equal to the angle of

relationship between beams even after reflec-

Plgure 58,-Waves and radii from a di